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ABSTRACT OP THE DISCLOSURE 



Novel oligonucleotide analogs of the formula (I) are 
described. 




in which A, L, V, Q, Q\ R*, X, Y, Z and n are 

as defined in the description, which have useful physical, 
biological and pharmacological properties, as well as a 
process for their preparation. Their application relates to 
use as inhibitors of gene expression (antisense 
oligonucleotides, ribozymes, sense oligonucleotides and 
triplex-forming oligonucleotides), as probes for the 
detection of nucleic acids and as auxiliaries in molecular 
biology. 
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PHOSPHOWQMOBOBSTB R mifrr.g ic JiCIDS. 
PROCESS FOR THEIR PREPAR&TIQH, AMD THEIR USB 

The present invention relates to novel oligonucleotide 
analogs having useful physical^ biological and pharmaco- 
logical properties, and to a process for their preparation. 
Their application relates to use as inhibitors of gene 
expression (antisense oligonucleotides, ribozymes, sense 
oligonucleotides and triplex- forming oligonucleotides), as 
probes for the detection of nucleic acids and as auxiliaries 
in molecular biology* 

The disclosure of all documents referred to in this 
specification are incorporated in whole by reference. 

Oligonucleotides are applied to a growing extent as 
inhibitors of gene expression (J. P. Milligan, 
M. D. Matteucci and J. C. Martin, J. Med. Chem. 36 (1993) 
1923; B. Uhlmann and A. Peyman, Chemical Reviews 90 (1990) 
543; S. T. Crooke, Annu. Rev. Pharmacol. Toxicol. 32 (1992) 
329) . 

Antisense oligonucleotides are nucleic acid fragments whose 
base sequence is complementary to an mRNA to be inhibited. 
This target mRNA can be of cellular, viral or other 
pathogenic origin. Possible cellular target sequences are, 
for example, those of receptors, enzymes, growth factors, 
immunomodulators, ion channels or oncogenes. The inhibition 
of virus replication with the aid of antisense 
oligonucleotides was described, for exan^le, for RSV (rous 
sarcoma virus), HSV-1 and -2 (herpes simplex virus type I 
and II), HIV (human immunodeficiency virus) and influenza 
viruses. In this case, oligonucleotides are enqployed which 
are con^lementary to the viral nucleic acid. 
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The sequence of sense oligonucleotides is designed, however, 
such that they bind ("capture"), for example, nucleic acid- 
binding proteins or nucleic acid-processing enzymes and thus 
inhibit their biological activity (C. H^lSne and J. J. 
5 Toulmg, Biochim. Biophys. Acta 1049 (1990) 99). Viral 

targets which may be mentioned here are, for example, 
reverse transcriptase, DNA polymerase and transact ivator 
proteins. In general, triplex- forming oligonucleotides have 
DNA as a target and, after binding to this, form a triple 
10 helical structure. 

Whereas with the aid of the antisense oligonucleotides, the 
processing (splicing etc.) of the mRNA or its translation 
into the protein are in general inhibited, triplex- forming 

15 oligonucleotides inhibit the transcription or . replication of 

the DNA (N. T. Thuong, and C. Heldne, Angew. Chem. 105 
(1993) 697; Uhlraann and Peyman, Chemical Reviews 90 (1990) 
543) . However, it is also possible to bind single-stranded 
nucleic acids with an antisense oligonucleotide in a first 

20 hybridization with fozTtiation of a double strand, which then 

forms a triplex structure in a second hybridization with a 
triplex- forming oligonucleotide. The antisense and 
triplex-binding regions can in this case either be 
accommodated in two separate oligonucleotides or else in one 

25 o 1 igonuc 1 eot ide . 

A further application of synthetic oligonucleotides are the 
so-called ribozymes, which destroy the target RNA as a 
result of their ribonuclease activity (D. Castanotto, J. J, 
Rossi, J. O. Deshler, Critical Rev. Eukar. Gene Expr. 2 
(1992) 331) . 



30 



In DNA diagnosis, nucleic acid fragments with suitable 
labelling are en5>loyed as so-called DNA probes for the 
35 specific hybridization of a nucleic acid to be detected. The 

specific formation of the new double strand is in this case 
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monitored with the aid of the labelling, which is preferably 
not radioactive. In this manner, genetic, malignamt, viral 
or other pathogen-caused diseases can be detected. 

For most applications mentioned, oligonucleotides in their 
naturally occurring foann are not very suitable or completely 
unsuitable. They must be chemically modified such that they 
meet the specific requirements, in order that 
oligonucleotides can be employed in biological systems, for 
example for the inhibition of virus replication, they must 
fulfill the following requirements: 

1. They must have a sufficiently high stability under 
in vivo conditions, i.e. both in serum and intracellularly. 

2. They must be constituted such that they can pass 
through the cell and nucleus membrane . 

3. They must bind to their target nucleic acid in 
base-specific manner under physiological conditions in order 
to display the inhibitory effect. 

These requirements are not indispensable for DNA probes; 
however, these oligonucleotides must be derivatized such 
that detection is possible, for example by mesms of 
fluorescence, chemi luminescence, colorimetry or specific 
staining (Beck and KSster, Anal. Chem. 62 (1990) 2258). 

A multiplicity of chemical variations of oligonucleotides 
are known which have been synthesized with the aim of 
fulfilling the aboveraentioned requirements better than the 
unmodified oligonucleotides. The chemical modification of 
the oligonucleotides is usually carried out by appropriately 
modifying the phosphate backbone, ribose unit or the 
nucleobases (Uhlmann and Peyriian, Chemical Review 90 (1990) 
543) . The modifications also include those in which both the 
phosphate bridge and the sugar unit have been replaced by 
other groups, for example by "morpholinonucleoside" 
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oligomers (E. P. Stirchak et al . , Nucleic ?Vcids Res. 17 
(1989) 6129) or "PNAs" (P. E. Nielsen et al, Bioconj . Chem. 
5 (1994) 3) . PNAs, in particular, are distinguished by 
unusually high affinities for target RNA, but suffer from 
other unfavorodDle properties such as lack of solubility or 
deficient cell penetration (W. Wang et al*. Tetrahedron 
Letters 36 (1995) 1181; M. Egholm et al., in "Innovation and 
Perspectives in Solid Phase Synthesis, Peptides, Proteins, 
Nucleic Acids", Roger Epton, Ed. Mayflower Worldwide 
Limited, Birmingham, 1994, 145-148) • 

It is therefore an object to find novel oligonucleotide 
analogs having favorable properties. 

BRTEF PgSCRIPTIQW Qg DRAWTNQS 

Figure 1 is a graph showing a UV-Absorbance Profile Versus 
Ten^erature for [pmena-t9] in the Presence of 1 eg. dA9 [See 
Example 56] . 

Figure 2 is a chart showing proof of PMENA-DNA binding by 
(Jel-Shift [See Example 57] . 

The invention therefore relates to cpmpounds of the 
formula I 




ID 

wherein n is a number from zero to 100; 
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B independently of one another is hydrogen, hydroxyl, 
(Cj-Cjo) -alkyl, (Ci-C^) -alkoxy, (C.-Cjo) -alkylthio, 
(Cg-Cjo) -aryl, (Cg-Cjo) -aryl- (C^-CJ -alkyl, (Q-Cjo) -aryl- 
(Cj-C^) -alkoxy, (Cg-C^o) -aryl- [Q^-C^) -alkylthio, an 
5 aromatic group or a heterocyclic group, where alkyl, 

aryl, the aromatic or heterocyclic group can optionally 
be substituted one or more times by hydroxyl, (C1-C4) - 
alkoxy, -NR'R^**, -C{0)OH, 0x0, -C(0)OR», -C(0)NR'R^^, 
-CN, -F, -CI, -Br, -NO,, (Cj-Cj -alkoxyalkyl , -S(0)Jl% 
10 -(Cj-Cg) -alkyl- S{0)Ji\ -NHC (=NH) NHR», -C(=NH)NHR*, 

-NR'C(=0)R^ =NOR^ NR'C(=0)OR'^ -OC(=0)NRni" or 
-NR'C{=0)NR*R", 



15 



B independently of one another is a natural nucleobase, 
an unnatural nucleobase or a reporter ligand; and 



20 



A-B can also be a D- or L-amino acid condensed on via the 
carboxyl group or peptides consisting of these amino 
acids having a length of up to 5 amino acid residues, 

L independently of one another is N or R^IT, and 



25 



is hydrogen or (Ci-C^) -alkyl which can be substituted 
by hydroxyl, (Ci-Cg) -alkoxy, (Cj-C^) -alkylthio or amino. 
Preferably, R^ is hydrogen or methyl; 



independently of one another is a single bond, a 
methylene group or a group of the formula Ila or lib; 



30 
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1. 



p I— — I 

llla> 



I 

v 



lllb) 



- 5 - 
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Y' is =0, =S, =CHj, =0(013)2 or =NR\ where is as defined 
above ; 

M is a single bond, -S- or -NR^-, where is as 

defined above; 

R' and R^ independently of one another are hydrogen, 

hydroxyl, (Ci-Cg) -alkoxy, (Ci-C«) -alkylthio, amino, 
halogen, such as F, Cl or Br, or (C^-Q) -alkyl which 
can optionally be substituted by hydroxyl, (Ci-Cg)- 
alkoxy or (Cj-Cg) -alkylthio, but are preferably hydro- 
gen; 

p and q independently of one another are zero to 5; 

r and s independently of one another are zero to 5; 

D and G each represent CR^R* which can be the same or 
different; 

R^ and R* independently of one another are hydrogen, 

(Ci-CJ -alkyl, (C^-Cao) -aryl, (Cg-Cjo) -aryl- (Ci-C^) -alkyl, 
hydroxyl, (Ci-Cs) -alkoxy, (C^-Cg) -alkylthio, and alkyl 
and aryl can optionally be substituted by SR^ or NR^R^', 
where R^ is as defined above and R^' independently of R^ 
has the same meaning as R\ but R* and R* are preferably 
hydrogen; 

X is -0-, -S- or -NR^-, in which R^ is as defined above; 
Y is =0 or =S; 

Z is -OR*, -NR'^R" or X'Q", where X' is defined as X and 
Q" is defined as Q; 
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R' is hydrogen, (Ci-C^e) -alkyl, (Cj-Cie) -alkenyl, (Cj-Cia) " 

alkynyl, (Ce-Cu) -aryl , (Cg-C^j) -aryl- (Ci-Ce) -alkyl , where 
alkyl can be substituted one or more times by hydroxyl, 
{C^-C^) -alkoxy, F, Cl or Br and aryl can be substituted 
1-3 times by hydroxyl, (Cj-C^) -alkoxy, (C1-C4) -alkyl, F, 
Cl, Br, NOj, -NR*R", -C{O)0H, -C(0)0- (Ci-Cg) -alkyl or 
-C(0)NR^^°, but preferably R^ is hydrogen, {C^-C^) - 
alkyl, (Cg-Cj^) -aryl or (Cg-Cii) -aryl- (Ci-Cg) -alkyl , where 
aryl can be monosubstituted by (C^-C^) -alkoxy, (Cj-C^) - 
alkyl, F, Cl, Br or NO2. More preferably R® is 
hydrogen, (Ci-C^) -alkyl, phenyl or 2-{4- 
nitrophenyl ) ethyl ; 

R* and R^** independently of one another are hydrogen, 
(Ci-Cia) -alkyl, (C^-Cig) -alkenyl, (C^-Cia) -alkynyl, 
(Q-Cia) -aryl, (Cg-Cjj) -aryl- (Ci-Cj -alkyl, where alkyl 
can be substituted one or more times by hydroxyl, 
(Cj-C^) -alkoxy, F, Cl or Br, or R' and R" can together 
form a 4 to 7-membered ring together with the N atom 
carrying them; 

Q and Q' independently of one another are hydrogen or R®. 

Altematively, Q and Q' are conjugates which a) favorably 
affect the properties of antisense oligonucleotides, b) 
affect the properties of triple helix- forming 
oligonucleotides, c) serve as a label of a DNA probe, d) 
during the hybridization of the oligonucleotide analog to 
the target nucleic acid, attack the target nucleic acid 
through binding or crosslinking. Or, Q and Q' are 
oligonucleotides which Ccui be unmodified or modified, where 
the following variants are intended to be examples of some 
modifications (e*g. described in E* Uhlmcuan and A. Peyman, 
Chemical Reviews 90 (1990) 543; "Protocols for 
Oligonucleotides and Analogs", Synthesis and Properties & 
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Synthesis and Analytical Techniques, S. Agrawal, Ed, Humana 
Press, Totowa, USA 1993) : 

a) complete or partial replacement of the 3'- and/or 
the 5 ' -phosphoric acid diester bridges, for example by 
phosphorothioate, phosphorodithioate, NR^R* • -phosphor- 
amidate, boranophosphate, phosphate- (Ci-C^i) -0-alkyl ester, 
phosphate- [(C6-Ci2)aryl- (Ci-C2j)-0-alkyll ester, 2,2,2- 
trichlorodimethylethylphosphonate, (Ci-Cg) alkylphosphonate 
or (Cg-Cij) -arylphosphonate bridges, where 

and R*' independently of one another are hydrogen, 
(Ci-C„) -alkyl, (Cg-Cjo) -aryl, (Cs-CiJ -aryl- (C^-Ce) -aikyl or 
- (CHj)^- (NH(CH2)c]tf-NR''R'', in which c is an integer from 2 to 
6 and d is an integer from 0 to 6, and R' independently of 
one another is hydrogen, (Ci-Cg) -alkyl or (Ci-CJ -alkoxy- 
CCi-Cg) -alkyl, preferably R* and R*' are hydrogen, (Ci-Ce) - 
alkyl or methoxyethyl, particularly preferably hydrogen, 
(C1-C4) -alkyl or methoxyethyl or R* and R*\ together with the 
nitrogen atom carrying them, can also form a 5 to G-membered 
heterocyclic ring which can additionally contain a further 
heteroatom from the series consisting of O, S and N; 

b) complete or partial replacement of the 3 ' - or 5 • - 
phosphoric acid diester bridges by "dephospho" bridges (see, 
for example, Uhlmann and Peyman in "Methods in Molecular 
Biology", Vol, 20, "Protocols for Oligonucleotides and 
Analogs", S. Agrawal, Ed., Humana Press, Totowa 1993, 
Chapter 16, 355f f ) , for example by formacetal, 3'- 
thioformacetal, methylhydroxylamine, oxime, methylene- 
dimethylhydrazo, dimethylenesulf one or silyl groups; 

c) complete or partial replacement of the sugar 
phosphate backbone, for example by "morpholinonucleoside" 
oligomers (E. P. Stirchak et al.. Nucleic Acids Res. 17 
(1989) 6129) or "PNAs" (P. E. Nielsen et al, Bioconj . Chem. 
5 (1994) 3), or PNA-DNA hybrids such as described, for 
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example, in DE-P 44 08 528.1 and BP- A 0 672 677 (HOE 94/F 
057) ; 

d) complete or partial replacement of the p-D-2'- 
deoxyribose units, for example by o-D-2' -deoxyribose, L-2'- 
deoxyribose, 2 • -F-2 • -deoxyribose, 2 * -O- (Ci-CJ alkyl- ribose, 
2 ' -O- (Cj-Cg) alkenylribose, 2 ' -NH2-2 • -deoxyribose, p-D- 

xy lof uranose , a - arablnof ur anose , 2,4- dideoxy- p - D - 
erythrohexopyranose, and carbocyclic (e.g. Froehler, 
J.Ara.Chem.Soc. 114 (1992) 8320) and open-chain sugar analogs 
(e.g. Vandendriessche et al.. Tetrahedron 49 (1993) 7223) or 
bicyclo sugar analogs (e.g. M. Tarkov et al., Helv. Chim. 
Acta 76 (1993) 481) ; 

e) complete or partial replacement of the natural 
nucleoside bases, for example by 5- (hydroxymethyl) uracil, 5- 
aminouracil, pseudouracil, dihydrouracil , 5-(Ci-Cfi)- 
alkyluracil, 5- (Cj-Cg) -alkenyluracil, 5- (C^-CJ -alkynyluracil 
(for example described in Gutierrez et al., J. Am. Chem. 
Soc. 116 (1994) 540 or Sagi et al.. Tetrahedron Lett. 34 
(1993) 2191), 5-(Ci-C€)-alkylcytosine, 5- (Cj-Ce) - 
alkenylcytosine, 5- (Cj-Cg) -alkynylcytosine (Gutierrez et 
al., J. Am. Chem. Soc. 116 (1994) 540 or Sagi et al.. 
Tetrahedron Lett. 34 (1993) 2191), 5-f luorouracil, 

5-f luorocytosine, 5-chlorouracil, 5-chlorocytosine, 
5-bromouracil, 5-bromocytosine or 7-dea2a-7-substituted 
purines (for example described in Seela, Nucl. Acids Res. 20 
(1992)2297); Heterocycles 34 (1992) 229). 

Q and Q' can also be conjugates which favorcibly affect the 
properties of antisense oligonucleotides or of triple 
helix-forming oligonucleotides (such as, for example, cell 
penetration, nuclease degradation, affinity for the target 
RNA/DNA, pharmacokineticis) or serve as a label of a DNA 
probe or during the hybridization of the oligonucleotide 
analog to the target nucleic acid, attacking the target 
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nucleic acid through binding or crosslinking. Examples of 
these are conjugates with polylysine, with intercalators 
such as pyrene, acridine, phenazine, phencuithridine, with 
fluorescent compounds such as fluorescein, with crosslinkers 
such as psoralen, azidoprof lavine, with lipophilic molecules 
such as (Cij-Cjo) -alkyl, with lipids such as 1, 2-dihexadecyl- 
rac-glycerol, with steroids such as cholesterol or 
testosterone, with vitamins such as vitamin E, with poly- or 
oligoethylene glycol, with (Cja-Cie) -alkyl phosphate 
diesters, with -O-CHj-CHiOH) -O- (Cia-C^e) -alkyl . Preferred 
conjugates are those with lipophilic molecules such as 
(C12-C20) -alkyl, with steroids such as cholesterol or 
testosterone, with poly- or oligoethylene glycol, with 
vitamin E, with intercalators such as pyrene, with (Cj^-Cie) - 
alkylphosphate diesters or with -0-CH2-CH{0H) -O- (Cxa-Ci^) - 
alkyl. 

The preparation of oligonucleotide conjugates of this type 
is known to the person skilled in the art (see, for example, 
Uhlmann & Peyman, Chem. Rev. 90 (1990) 543; M. Manoharan in 
"Antisense Research and Applications", Crooke and Lebleu, 
Eds., CRC Press, Boca Raton, 1993, Chapter 17, p.303ff and 
EP-A 0 552 766) . Furthermore, the oligonucleotides can carry 
3»-3'- and 5' -5* -inversions on the 3' or on the 5 '-end 
(described, for example, in M. Koga et al., J. Org, Chem. 56 
(1991) 3757), 

Aromatic groups are, for example, phenyl, naphthyl, pyrenyl, 
cuithracenyl, phenanthryl, biphenyl, binaphthyl, tetracenyl, 
pentacenyl, hexacenyl, triphenylenyl , chrysenyl or 
benzopyrenyl . 

Heterocyclic groups are understood as meaning, for example, 
chromanyl , chromenylium- 1 -yl , f uranyl , isochromanyl , 
isochromenyl, isoquinolyl, piperazinyl, quinolinyl, 
pyridinyl, pyrrolidinyl, imidazolyl, tetrahydrof uranyl, 
aziridinyl, oxiranyl, thiophenyl, pyrimidinyl, thiolanyl. 



- 10 - 
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thiazolyl, azepinyl^ pyrrolyl, tetrahydropyrrolyl , 
benzofuranyl, indolyl, isoindolyl, isatinyl, dioxindolyl, 
indoxylyl, coumarinyl, coumaronyL, carbazolyl, pyrazolyl, 
pyrrolyl, indazolylr oxazolyl, isoxazolyl, thiazolyl, 1,2,4- 
triazolyl, 1, 2, 3-triazolyl, tetrazolyl, pentazolyl, 
piperidinyl, pyridazinyl, phenazinyl, phenoxazinyl, 
phenothiazinyl , morpholinyl , thiaz inyl , benzodiazepinyl , 
purinyl, xanthinyl, hypoxanthinyl , theophyllinyl , 
theobrominyl, caf feinyl, pteridinyl, pterinyl, pteridinyl, 
alloxazinyl and nortropinyl. 

Natural nucleobases are imderstood as meaning, for example, 
uracil, cytosine, 5-methyluracil, adenine and guanine and 
unnatural nucleobases are understood as meaning, for 
example, 5-nitroindole, 5- (hydroxymethyl) -uracil, 5- 
aminouracil, pseudouracil, dihydrouracil, S-CCi-Cg)- 
alkyluracil, 5- (C^-Cg) -alkenyluracil, S-CCj-Cg)- 
alkynyluracil, 5- (Ci-Q) -al)cyl cytosine, 5- (Cj-Cj -alkenyl- 
cytosine, 5- (Cj-C^) -alkynyl cytosine, 5-fluorouracil, 
5 - f luorocy t OS ine , 5 - chlorouracil , 5 - chlorocy t os ine , 
5-bromouracil, 5-bromocytosine and 7-deaza-7-s\ibstituted 
purines, such as 7-deaza-7- (Cj-C,) -alkynylguanine, 7-deaza- 
7- (Cj-C^) -alkynyladenine, 7-deaza-7- (C3-C7) -alkenylguanine, 
7-deaza-7- (Cj-Ct) -alkenyladenine, 7-deaza-7- (C1-C7) - 
alkylguanine, 7-deaza-7- (C^-C^) - alkyladenine, 7-deaza-7- 
bromoguanine and 7-deaza-7-bromoadenine, 

Preferably, unnatural nucleobases are 5- (Ci-Cg) -alkyluracil, 
5-(C2-C6)-alkenyluracil, 5- (Cj-Q) -alkynyluracil, 5- 
(Ci-C5)-alkylcytosine, 5- (Cj-Cg) -alkenylcytosine, S-CCj-C^)- 
alkynyl cytosine, 5-fluorouracil, 5-fluoro- cytosine, 5- 
chlorouracil, 5-chlorocytosine, 5-bromo- uracil, 5-bromo- 
cytosine or 7 -deaza- 7 -substituted purines such as 7-deaza-7- 
(C3-C7) -alkynylguanine, 7-deaza-7- (Cj-C^) -alkynyladenine, 7- 
deaza-7- (Cj-C^) -alkenylguanine, 7-deaza-7- (Cj-C^) - 
alkenyladenine, 7-deaza-7- (C^-C,) -alkylguanine, 7-deaza-7r 
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(Ci-C,) -alkyladenine, 7-deaza-7-bromoguanine and 7-dea2a-7- 
bromoadenine, particularly preferably 5- (C3-C5) -alkyluracil, 
5-{C2-C6)-alkenyl- uracil, 5- (C3-CJ -alkynyluracil, S-CCi-Q)- 
alkylcytosine, 5- (Cj-CJ -alkenylcytosine, S-CCj-Cj- 
5 alkynylcytosine or 7-deaza-7-substituted purines, and very 

particularly preferably 5-pentynylcyt08ine, 5-hexynyluracil, 
5 - hexyny Icy t OS ine , 7-dea2a-7 - propyny Iguanine , 7 - dea za - 7 - 
propynyladenine, 7-deaza-7-methylguanine, 7-deaza-7- 
met hyladenine , 7 -deaza - 7 -propynyladenine , 7 -deaza- 7 - 
10 bromoguanine , 7-deaza-7-bromoadenine . 

Reporter ligands are, for example, fluorescein, biotin, 
acridine, phenanthroline, phenanthridine emd eosin. 

15 Among D- or L- amino acids, if not stated otherwise, 

particularly the following may be mentioned (cf. SchrSder, 
Lubke, Peptides, Volume 1, New York 1965, pages XXII-XXIII; 
Houben-Weyl, Methoden der Organischen Chemie, [Methods of 
Organic Chemistry] Volume XV/1 and 2, Stuttgart 1974) : 

20 

Aad, Abu, yKbxx, ABz, 2ABz, eAca, Ach, Acp, Adpd, Ahb, Aib, 
pAib, Ala, PAla, AAla, Alg, All, Ama, Amt, Ape, Apm, Apr, 
Arg, Asn, Asp, Asu, Aze, Azi, Bai, Bph, Can, Cit, Cys, Cyta, 
Daad, Dab, Dadd, Dap, Dapm, Dasu, Djen, Dpa, Dtc, Pel, Gin, 

25 Glu, Gly, Guv, hAla, hArg, hCys, hGln, hGlu, His, hlle, 

hLeu, hLys, hMet, hPhe, hPro, hSer, hThr, hTrp, hTyr, Hyl, 
Hyp, 3Hyp, He, Ise, Iva, Kyh, Lsuit, Lcn, Leu, Lsg, Lys, 
PLys, ALys, Met, Mim, Min, hArg, Nle, Nva, Oly, Om, Pan, 
Pec, Pen, Phe, Phg, Pic, Pro, APro, Pse, Pya, Pyr, Pza, Qin, 

30 Ros, Sar, Sec, Sem, Ser, Thi, pxhi, Thr, Thy, Thx, Tia, Tie, 

Tly, Trp, Trta, Tyr, Val etc., whose abbreviations without a 
stereo- descriptor stand for the radical in the L-form, 

and cyclic amino acids, such as 
35 pyrrblidine-2-carboxylic acid; piperidine-2-carboxylic acid; 

1,2,3 , 4-tetrahydroisoquinoline-3-carboxylic acid; 
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decahydroiaoquinoline-3-carboxylic acid; octahydroindole-2. 
carboxylic.acid; decahydroquinoline-2-carboxylic acid; 
octahydrocyclopenta [b) pyrrole- 2 -carboxylic acid; 
2-azabicyclo 12 . 2 . 2] octane- 3 -carboxylic acid; 
2-azabicyclo [2.2.1] heptane-3-carboxylic acid; 
2-azabicyclo [3. 1.0 J -hexane -3 -carboxylic acid; 
2-azaspiro (4.4] nonane -3 -carboxylic acid; 
2-azaspiro (4 . 5] decane -3 -carboxylic acid; 

spiro t (bicyclo [2.2.1] heptane) -2,3 -pyrrolidine- 5 -carboxylic 
acid] ; 

spiro [ (bicyclo [2.2.2] octahe).-2 , 3-pyrrolidine-5-carboxylic 
acid] ; 

2 -azatricyclo [4 . 3 . 0 . 1« »] decane-3 -carboxylic acid; 
decahydrocyclohepta [b]pyrrole-2-carboxylic acid; 
decahydrocycloocta [b] pyrrole-2-carboxylic acid; 
octahydrocyclopenta [c] pyrrole-2-carboxylic acid; 
octahydroisoindole - 1 -carboxylic acid ; 

2 , 3 , 3a, 4 , 6a-hexahydrocyclopenta [b] pyrrole-2-carboxylic acid; 
2 , 3 , 3a, 4 , 5 , 7a-hexahydroindole-2 -carboxylic acid; 
tetrahydrothiazole-4 -carboxylic acid; 

isoxazolidine- 3 -carboxylic acid; pyrazolidine-3- carboxylic 
acid; hydroxypyrrolidine- 2 -carboxylic acid; all of which can 
be optionally substituted with: 

Ca-c' CCXc.' CQ^: 
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» -CO-: 
' I I 

HO 



10 " I 

us Patent Nos. 4,344,949, 4,374,847, and 4,350,704, and 
EP-A 29* 488, EP-A 31 741, EP-A 46 953, EP-A 49 605, EP-A 49 
658, EP-A 50 800, EP-A 51 020, EP-A 52 870, EP-A 79 022, 
EP-A 84 164, EP-A 89 637, EP-A 90 341, EP-A 90 362, EP-A 105 
15 102, EP-A 109 020, EP-A 111 873, EP-A 271 865 and EP-A 344 

682 describe cyclic amino acids. 

In formula I even when n is greater than 1, the 
substitutions can be the same or different from each other. 

20 

Alkyl and radicals derived therefrom such as alkoxy and 
alkylthio can be branched, unbranched or cyclic, saturated 
or mono- or polyunsaturated. 

25 Preferred compounds of the formula I are those wherein 

n is a number from zero to 50; 

B independently of one another is a natural nucleobase or 
30 an xmnatural nucleobase; 

L is N; 

A is a group of the formula lib, in which 
35 r = 1 and s is zero, and R^, = H and Y» = O and M is 

a single bond; 
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D and G each independently represent CHR*; 
is hydrogen; 
5 X is -0-; 

Y is =0; 

Z is hydroxyl, methoxy, ethoxy, (4-nitrophenyl) ethoxy, 
10 propoxy, isopropoxy, butoxy, pentoxy, phenoxy or 

allyloxy; 

Q and Q» independently of one another are hydrogen, or 
oligonucleotides unmodified or modified^ as follows: 

15 

a) the 3'- and/or 5 * -phosphoric acid diester bridges 
are completely or partially replaced by phosphorothioate, 
phosphorodi thioate , NR*R* • -phosphoramldate , N3 ' -P5 • - 
phosphoramidate (for example described in Gryaznov et al., 

20 J. Am. Chera. Soc. 116 (1994) 3143), phosphate 0-methyl 

ester, phosphate 0-ethyl ester, phosphate 0-isopropyl ester, 
methylphosphonate or phenylphosphonate bridges; 

b) one, two or three 3'- or 5 ' -phosphoric acid 
25 diester bridges in the pyrimidine positions and at the 

5 '-end and/ or at the 3 •-end are replaced by formacetals 
iand/or 3 * - thiof ormace tals ; 

c) the sugar phosphate backbone is coitqpletely or 
30 partially replaced by "PNlAs" or PNA-DNA hybrids; 

d) the p-D-2' -deoxyribose units are completely or 
partially replaced by 2 • -P-2 • -deoxyribose, 2 • -O- (C^-Cfi) - 
alkylribose, 2 • -O- (C2-C«)alkenylribose or 2*-NH2-2'- 

35 deoxyribose; 



- 15 - 



2171589 



e) the natural nucleoside bases are completely or 
partially replaced by 5- (C,-C,) -alJcyluracil, 5- (Cj-CJ - 
alkenyiuracil, 5- (C^-C,) -alkynyluracil. 5- (C.-C.) -alkyl- 
cytosine. 5- (C,-Cg) -alkenylcytosine. 5- (Cj-CJ -alkynyl- 
cytosine. 5-f luorouracil, 5-f luorocytosine, 5-chlorouracil, 
5-chlorocytosine, 5-bromouracil, 5-bromocytosine, 7-deaza-7- 
(Cj-C,)-alkynylguanine, 7-deaza-7- (C,-c,) -alkynyladenine, 7- 
dea2a-7- (Cj-C,) -alkenylguanine, 7-deaza-7- (Cj-C,) - 
alkenyladenine. 7-deaza-7- {Cj-C,) -alkylguanine, 7-deaza-7- 
(Ci-O -alkyladenine, 7-dea2a-7-bromoguanine, 7-dea2a-7- 
bromoadenine . 

Particularly preferred compounds of the formula I are those 
in which 



n is a number from 0 to 30; 



Q and Q' independently of one another are hydrogen, R«, 
in which R" is H, (C^-Cg) -alkyl, phenyl or 2-(4- 
nitrophenyl) ethyl, or are oligonucleotides which can 
be unmodified or modified as follows: 

a) the 3'- and/or 5 ' -phosphoric acid diester bridges 
are completely or partially replaced by phosphorothioate , 
phosphorodithioate or methylphosphonate bridges; 

b) one, two or three 3'- or 5 • -phosphoric acid 
diester bridges are replaced at the 5'- and . at the 3 '-end; 

c) the sugar phosphate backbone is completely or 
partially replaced by "PNAs" or PNA-DNA hybrids; 

d) the p-D-2 • -deoxyribose units are completely or 
partially replaced by 2 ' -P-2 • -deoxyribose, 2 ' -O- (C^-CJ - 
alkylribose, 2 • -O- (C,-C,)alkenylribose or 2>-NH,.2'- 
deoxyribose;. 
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e) the natural nucleoside bases are completely or 
partially replaced by 5- (Cj-CJ -alkyluracil, 5- (C^-C^) - 
alkenyluracil, 5- (Cj-Cg) -alkynyluracil, 5- (q-Cg) -alkyl- 
cytosine, 5- (Cj-Cg) -alkenylcytosine, 5- (C^-CJ -alkynyl- 
cytosine, 7-deaza-7- (Cj-C^) -alkynyl guanine, 7-deaza-7- 
(Cj-C^) -alkynyladenine, 7-dea2a-7- (Cj-C,) -alkenylguanine, 
7-deaza-7- (C^-C^) -alkenyladenine, 7-deaza-7- (C^-C^) - 
alkylguanine, 7-deaza-7- (Ci-Cy) -alkyladenine, 7-deaza-7- 
bromoguanine , 7-deaza-7-bromoadenine . 

Very particularly preferred compo\ands of the formula I are 
those in which 

n is a number from 0 to 25; 

B independently of one another is a natural nucleobase; 

2 is hydroxyl, ethoxy, (4^nitrophenyl) ethoxy or phenoxy; 

Q and Q' independently of one another is hydrogen, R*, in 
which is H, (Ci-Q) -alkyl, phenyl or 2-(4-nitro- 
phenyl) ethyl, or are oligonucleotides which can be 
unmodified or modified as follows, 

a) the 3*- and/or 5 * -phosphoric acid diester bridges 
are completely or partially replaced by phosphorothioate 
bridges; 

c) the sugar phosphate backbone is completely or 
partially replaced by "PNAs" or PNA-DNA hybrids; 

d) the P-D-2' -deoxyribose units are completely or 
partially replaced by 2»-0-methyl, 2'-0-allyl or 2»-0- 
butylribose; or 
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e) the natural nucleoside bases are con?>letely or 
partially replaced by 5-hexyhylcytosine, 5-hexynyluracil, 5- 
hexynylcytosine, 7-deaza-7-propynylguanine, 7-deaza- 
7-propynyladenine, 7-deaza-7-methylguanine, 7-dea2a- 
7-methyladenine, 7-deaza-7-bromoguanine, 7-deaza-7-bromo- 
adenine . 



The invention further relates to compounds of the formula I 
in which Q and Q- are linked, i.e. form a cyclic molecule, 
where the possibility should still apply that Q and Q" 
together afford a single bond. The synthesis of such 
confounds can be carried out analogously to described 
processes, for exan5>le Gao et al., Nucl. Acids Res. 23 
(1995) 2025 or Wang and Kool, Nucl. Acids Res. 22 (1994) 
2326. 

The invention further relates to oligonucleotides or 
modified oligonucleotides, for example PNAs, in which 
compounds of the formula I are incorporated at the 3 '-end or 
at the 5'- end or at the 5'- and at the 3 '-end. 

The linkage of the oligonucleotides with the compounds of 
the formula I is preferably carried out via the 5'- or 3'- 
hydroxyl group of the nucleotide units, likewise via a 
phosphonic acid monoester bond. The linkage with oligo- 
nucleotides is illustrated by way of example in the formulae 
XVIII and xix. 



A 



P I Y 

i J^x II 



9 " 'I /^v I 

* (XVIIII f^tf [ ^ 



(XIX) 



- 18 - 



2171589 



R" is H, OH, F, 2'-0-(Ci-Ce)-alkyl or 2 ' -O- (C^-CJ alkenyl, 
preferably H or methoxy or 0-allyl, particularly preferably 
H. All other variables are illustrated above. 

Formula XX and formula XXI, in which the variables have the 
above meaning, illustrate by way of example the linkage with 
PNAs. 



The combinations of the compounds according to the inven- 
tion utilizing (abbreviated PMENA) oligonucleotides or 
modified oligonucleotides, will be schematically illustrated 
again (OLIGO is unmodified or modified oligonuleotides) for 
example PNAs or other modifications, as are described above: 

Examples of such combinations are: 



5'- OLIGO - PMENA 

5V- PMENA - OLIGO 

5'- OLIGO - PMENA - OLIGO 

5'- OLIGO - (PMENA - OLIGO). (a « 1-20) 

5 • - PMENA - OLIGO - PMENA 

5'- PMENA - (OLIGO - PMENA), (a = 1-20) 




(XX) 




(XXI) 
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The synthesis of these combined compounds is carried out in 
such a way that, according to the molecule, the synthesis of 
the PMENA units, which is described in the following, is 
begun first, which are then coupled with the oligonucleotide 
units. In this process, the oligonucleotides are coupled as 
monomer units or by block condensation by solid-phase 
synthesis or by solution synthesis by methods known to the 
person skilled in the art (Sonveaux, Bioorganic Chemistry 14 
(1986) 274ff ) . The condensations are alternatively carried 
out by the araidite method, the H-phosphonate method or the 
phosphorotriester process (Sonveaux, Bioorganic Chemistry 14 
(1986) 274ff ) . If, conversely, PMENA units are coupled to 
OLIGO xinits, this is preferably carried out by the method 
described in fj) below. Conjugation with PNA units is 
carried out in the same manner or, if (monomeric or 
oligomeric) PNA units are coupled to PMENA units, with the 
methods of peptide synthesis or of ester synthesis known to 
the person skilled in the art. These combinations can be 
made by meeuis apparent to those skilled in the art in view 
of the present specification. 

The invention furthermore relates to a process for the 
preparation of compounds of the formula I, which comprises 

aj) reacting a confound of formula III 



' ^^^S (HI) 



in which 

D, G, L and X have the abovementioned meanings and 

is a suitable protective group, such as dimethoxy- 
trityl, monomethoxytrityl, trityl, pixyl, tert- 



- 20 - 



2171589 



5 



10 



15 



20 



25 



30 



butoxycarbonyl or f luorenylmethoxycarbonyl, preferably 
monomethoxytrityl or tert -butoxycarbonyl, 

with a compound of fontmla IV 



in which 

and R* have the abovementioned meeuciings, 

in a suitable organic solvent, for example in methanol, 
ethanol, isopropanol, butanol, acetonitrile, dichloromethane 
(DCM) , chloroform, benzene, dimethylformaraide (DMF) , 
dimethyl sulfoxide (DMSO) , diethyl ether, ethyl acetate 
(EA) , tetrahydrofuran (THF) , N-methylpyrrolidone, petroleum 
ether, xylene or toluene or mixtures of suitable solvents, 
preferably in methanol or ethanol, 

at temperatures sufficient to form (e.g. from 0<>C to 100^0, 
preferably at 10 to BO'^C) compounds of formula Va or Vb 



where, in the choice of the reaction conditions which are 
}aiown to the person skilled in the art (e.g. in 
S.R. Samdler, W. Karo "Orgamic Functional Group Prepara- 
tions", Vol. II, Second Edition, Academic Press, London, 





X 



s 



t* 
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10 



1986, Chapter 12 ("Iminea" ) ) , care is to be taken that they 
are conqpatible with the protective group S^, i.e. if, for 
example, an acid-labile protective group such as the 
monoraethoxytrityl protective group is chosen, no acid should 
be added during the reaction, 

bj) reacting compounds of the formula Va or Vb with 
compounds of the formula Via or VIb, prefered)ly with 
compounds of the formula Via 



y 



15 IVlbl 



in which 

Y is as defined cdbove, 
20 X* and X" independently of one another have the same meaning 

as X defined above, 

and independently of one another are protective 

groups such as methyl, ethyl, phenyl, 2-chlorophenyl, 
2 , 5-dichlorophenyl , 2 , 4 -dichlorophenyl , 4 -nitrophenyl , 
25 4-methoxyphenyl, 2-cyanoethyl, 2- (4 -nitrophenyl) ethyl, 

al lyl , benzyl , 2,2,2 - t richloro- 1 , 1 -dime t hylethyl , 4 - 
methoxybenzyl , 2,2,2- trichloroethyl , 8 -hydroxyquinoline 
or other phosphate protective groups, such as are known 
to the person skilled in the art (Sonveaux, Bioorganic 
30 Chemistry 14 (1986) 274 f f ) , but preferably methyl, 

ethyl, phenyl, 2- (4 -nitrophenyl) ethyl, allyl or 
2,2,2 - trichloroethyl , and 
is a leaving group, preferably (C1-C4) -alkyl, 

35 in a suitable organic solvent, for example in methanol, 

ethanol, isopropanol, butanol, acetonitrile, benzene, IMF, 
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DMSO, DCM, EA, chloroform, diethyl ether, THP, 
N-methylpyrrolidone, petroleum ether, xylene or toluene or 
mixtures of suitable solvents, preferably in THF, at 
temperatures sufficient to form a compo\ind of formula VII, 
e.g. from 0<*C to 100«*C, preferably at 50 to 80°C, if 
appropriate with optional addition of bases, such as tri- 
(Ci-Cj -alkylamine, N-alkylmorpholine, pyridine, N,N- 
dimethylaminopyridine, butyllithium, lithium 
diisopropylamide (LDA) , sodium hydride, sodium amide, 
potassium carbonate, cesium carbonate, potassium tert- 
butoxide or complex bases such as sodium amide -R^^ONa, where 
R" is (Cj-Cfi) -alkyl or CHjCHj-O-CHjCHj, or uncharged, 
peralkylated polyarainophosphazene bases (Schwesinger, Nachr. 
Chem. Techn. Lab. 38 (1990) 1214; Angew. Chem. 99 (1987) 
1212), but preferably without addition of base. 

Formula VII has the following formula: 




in which 

D, G, L, R^ RS sS S', S^ X, X', X" and Y are as defined 
above; 

Ci) reacting a compound of formula VII with a compound of 
formula VIII 




(VIII) 
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whose synthesis is described, for example, in Dueholra et 
al., J. Org. Chem. 59 (1994) 5767 and 
in which 

A has the abovementioned meaning, 

has the same meaning as B, but is optionally present in 
protected form, i.e. if B is a natural or unnatural 
nucleobase, B*^ is the nucleobase whose amino or 
hydroxyl group's are protected by suitable known 
protective groups, such as the para-nitrophenylethyl 
group, the benzoyl group, the allyl group and the para- 
(t -butyl) benzoyl group for the hydroxyl group and the 
acetyl, benzoyl, para- (t -butyl) benzoyl, para- 
(raethoxy) benzoyl group, para-nitrophenylethoxycarbonyl 
group, isobutyryl group, para- (t -butyl )phenylacetyl 
group, N,N-dimethylformamidino group, 
f luorenylmethyloxycarbonyl group, benzyl oxycarbonyl 
group or phenoxyacetyl group for the amino group or 
other protective groups customary for nucleobases in 
oligonucleotide chemistry (Sonveaux, Bioorganic 
Chemistry 14 (1986) 274ff ; Beaucage, Tetrahedron 49 
(1993) 2223ff), preferably the following may be 
mentioned for B**: 
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in which 

R" is hydrogen, 1-propynyl, 1-butynyl, 1-pentynyl or 1- 
hexynyl, in particular hydrogen, 1-propynyl or 1- 
hexynyl ; and 

r" is hydrogen, diphenylcarbamoyl or 2- i4-nitrophenyl) - 
ethyl and 

R" is acetyl, benzoyl, para- (t -butyl) benzoyl, para- 

(raethoxy) benzoyl , para-nitrophenylethyloxycarbonyl , 
isobutyryl, para- (t -butyl )phenylacetyl, benzyloxy- 
carbonyl or phenoxyacetyl, and 

is a leaving group known to the person skilled in the 
art, such as CI, Br, O-SOjinethyl, O-SOjtrif luoromethyl, 
O-tosylate or O-CgFg or, if A has the meaning of 
formula lib, can also be OH; 

in a suitcible organic solvent, for example in aceto- 
nitrile, benzene, DMF, DMSO, DCM, EA, chloroform, diethyl 
ether, tetramethylurea, THF, N-methylpyrrolidone, petroleum 
ether, xylene or toluene or mixtures of suitable solvents, 
preferably in DMF, at temperatures sufficient to form a 
compound of the formula IX, e.g. from -20*>C to 100"C, more 
preferably at 0 to 50®C, if appropriate with optional 
addition of bases, such as tri- (C^-Cg) -alkylamine, 
N-alkylmorpholine, pyridine, N,N-dimethylaminopyridine, 
butyllithium, lithium diisopropyl amide (LDA) , sodium 
hydride, sodium amide, potassium carbonate, cesium 
carbonate, potassium tert-butoxide or complex bases such as 
sodium amide-R"ONa, where R" is (Cj-C^) -alkyl or CH3CH2-O- 
CHaCHj or the bases are uncharged, peralkylated polyamino- 
phosphazene bases (Schwesinger, Nachr. Chem. Techn. Lab. 38 
(1990) 1214; Angew, Chem. 99 (1987) 1212), and if A is 
formula lib and is OH, preferably with addition of 
triethylamine, diisopropylethylamine or N-ethylmorpholine or 
without addition of base and with addition of a coupling 
reagent customary for the coupling of peptide bonds. 
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Formula IX has the following formula: 




(IX) 



in which 

A, B™, D, G, L, R\ 3\ S^ S^ X, X\ X" and Y are as 

defined above: 

di) removing the protective group from compounds of the 
formula IX by known processes (e.g. Greene, Wuts, Protective 
Groups in Organic Synthesis, J. Wiley & Sons, New York 
1991) . For example, for compounds of the formula IX, in 
which S^ and S^ are 2- (4-nitrophenyl)ethyl, by treatment 
with O.IM l,8-diazabicyclo(5.4.0lundec-7-ene (DBU) in 
pyridine or acetonitrile at room temperature or for 
compounds of the formula IX in which S* and S' are phenyl or 
ethyl, by treatment with an aqueous ammonia or for compounds 
of the formula IX in which is 2- (4-nitrophenyl) ethyl and 
S' is allyl, by treatment with PdtP(CeH5)3l^ and 
triphenylphosphine in DCM (Hayakawa et al,, J. Org. Chem. 58 
(1993) 5551), or for compounds of the formula IX in which S^ 
is 2- (4-nitrophenyl) ethyl and S^ is allyl, by treatment with 
0.5M DBU in pyridine or acetonitrile or for compounds of the 
formula IX in which S^ is 2-cyanoethyl and S* is allyl, by 
treatment with triethylamine in pyridine, or for compounds 
of the formula IX in which S^ is 2- (4-nitrophenyl) ethyl and 
S' is 2,2,2-trichloro-l,l-dimethylethyl, by treatment with 
t r ibutylphosphine , 



2171589 



compounds of the formula X being obtained 



Y 




in which 

A, B^, D, G, L, R5, RS S\ S^, X, X*, X" and Y are as 
defined above; 

ej) removing the protective group from compounds of the 
formula IX by known processes (e.g. Greene, Wuts, Protective 
Groups in Organic Synthesis, J. Wiley & Sons, New York 1991, 
Sonveaux, Bioorganic Chemistry 14 (1986) 274 f f ) , thus, for 
example, the monomethoxytrityl protective group is removed 
by treatment with acid, for example by treatment with 80% 
acetic acid, with 1-4% dichloroacetic acid in methylene 
chloride or chloroform, with 2% p*toluenesulfonic acid in 
DCM/methanol or by treatment with 1% trif luoroacetic acid in 
chloroform, 

compounds of the formula XI being obtained 



Y 



B 




in which 



A, B"*, D, G, L, rS rS S', S^ X, X', X» and Y are as 
defined above; 
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fi) reacting compounds of the formula XI with compounds of 
the formula X according to the "phosphotriester process" 
known from oligonucleotide chemistry (Sonveaux, Bioorganic 
Chemistry 14 (1986) 2744ff, Reese, J. Chem. Soc. Perkin 
Trans. 1993, 2291ff) in a suitable organic solvent, such as 
acetonitrile, benzene, DMF, DMSO, DCM, EA, chlorofrom, 
diethyl ether, tetramethylurea, THF, N-methylpyrrolidone, 
petroleum ether, xylene or toluene or mixtures of suitad>le 
solvents, preferably in pyridine, at temperatures from -20*>C 
to lOO^'C, more preferably at 0 to SQOC, with addition of a 
coupling reagent, such as 6-nitroben20triazol-l- 
yloxytris (dimethyl amino) phosphonium hexaf luorophosphate 
(NBOP, Hashmi, Nucleosides & Nucleotides 13 (1994) 1059), 
benzotriazole-l-yloxytris (dimethylamino) phosphonium 
hexafluorophosphate (BOP, B. Castro, J.R. Dormoy, G. Evin 
and C. Selve, Tetrahedron Lett. 1975, 1219-1222), 
benzotriazol-l-yloxytripyrrolidinophosphonium 
hexafluorophosphate (PyBOP, J. Coste, D. Le-Nguyen and B. 
Castro, Tetrahedron Lett. 1990, 205-208), 0- (7- 
aza) benzotriazol-l-yltetramethyluronium hexafluorophosphate 
(HATU, L. Carpino, J. Am. Chem. Soc. 1993, 115, 4397), N,N- 
bis t2-oxo-3-oxazolidinyl]diaminophosphoryl chloride (Katti, 
Tetrahedron Lett. 26 (1985) 2547), 2-chloro-5, 5 -dimethyl -2- 
oxo-l,3,2-dioxaphosphorinane (Stawinski, Nucl. Acids Res., 
Symp. Ser. 24, 1991, 229) or a compoimd of the formula XII 



30 



T 



tt 



(xn) 



in which 

R" is (Cj-Cij) -aryl, optionally sxibstituted one to four 

times by (C,-Cg) -alkyl, (C,-Cj) -alkoxy, nitro, chlorine 
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4 



or bromine and where one to 3 carbon atoms are 
optionally substituted by heteroatoms, preferably 
nitrogen, i.e. for example phenyl, tolyl, 2,4,6- 
trimethylphenyl , 2,4, 6- triisopropylphenyl , 2,3,5,6- 
tetramethylbenzene (Loase, Liebigs Ann. Chem. 1989, 
19ff), 4-broraoben2ene, 2 -nitrobenzene, 4 -nitrobenzene 
or 8-quinolyl, preferably 2,4, 6-trimethylphenyl or 
2,4, 6 -triisopropylphenyl , and 

R" is a leaving group such as chlorine, bromine, imid- 
azole, triazole, 4-nitroimidazole, 1,2,3,4-tetrazole or 
3-nitro-l,2,4-triazole, 

preferably usifig a coupling reagent of the compound of the 
formula XII or BOP, PyBOP or HATU, 

optionally with addition of a catalyst (Reese, J. Chem. Soc. 
Perkin Trans. 1993, 2291ff ) , such as N-methylimidazole, 
pyridine-N-oxides such as 4-methoxypyridine-N-oxide or 4- 
ethoxypyridine-N-oxide, 4, 6-dinitro-l-hydroxybenzotriazole, 
l-hydroxy-5-phenyltetrazole, l-hydroxy-5- (4- 
nitrophenyl) tetrazole, 3-nitro-lH-l, 2, 4-triazole, 
5- (3-nitrophenyl) -IH- tetrazole, 5- (3, 5-dinitrophenyl) -IH- 
tetrazole, 5- (l-methylimidazole-2-yl) -iH-tetrazole, 
5- ( (l-methylimidazole-2-yl)methyl] -IH-tetrazole or 
l-hydrbxy-4-nitro-6-(trifluoromethyl)benzotriazole, 
preferably with 4-ethoxypyridine-N-oxide or 4-methoxy- 
pyridine-N-oxide as a catalyst, 

where the preparation of the coupling reagents can be 
carried out in situ, or else carried out separately and the 
solution of the activated species (compound of formula (X) 
in combination with a coupling reagent) can be added in a 
suitable solvent. 
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to give compounds of the formula XIII 
s'_x/ ^^-^ ' 



ixm) 



in which 



10 



A, B™, D, G, L, R% R% S^ S^ X, X*, X" and Y are as 
defined above; 



15 



20 



25 



g^) starting from compounds of the formula XIII, repeating 
the steps e^) and f^) up to the desired chain length, 
compounds of the formula XIV resulting 



in which 

A, B^, D, G, L, R^ rS S\ S^ S\ X, X', X", Y and n are as 
defined above; 



hx) removing the protective groups S^, and and the 
protective groups on according to known processes (e.g. 
Greene, Wuts, Protective Groups in Organic Synthesis, J. 
30 Wiley & Sons, New York 1991) , 

i.e., for example, the protective group S^ as described in 
step e J , the protective groups S* or S*, if they are 2 (4- 
nitrophenyl) ethyl, by treatment with 0.5M 1,8-diaza- 
35 bicyclo[5.4.0]undec-7-ene (DBU) in pyridine or acetonitrile 

at room temperature, if S' or S* is phenyl, by treatment 
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with aqueous ammonia, if or is allyl, by treatment 
with Pci[P{CgHs)3]^ and triphenylphosphine in DCM (Hayakawa et 
al., J. Org, Chem. 58 (1993) 5551), if or is 2- 
cyanoethyl, by treatment with triethylamine in pyridine, or 
if or is 2,2,2-trichloro-l,l-dimethylethyl, by 
treatment with tributylphosphine, and the protective groups 
on B^, for example if R" is para- 

nitrophenylethyloxycarbonyl, with 0.5M DBU in pyridine, if 

is isobutyryl or benzoyl or para-methoxybenzoyl , with 
cone. NH^OH at 20 to 60*0 or, if R" is 2-(4-nitro- 
phenyl) ethyl, by treatment with 0.5M DBU in pyridine or 
acetonitrile, is preferred, if equals raonomethoxytrityl 
and equals 2- (para-nitrophenyl)ethyl, preferably the 
monomethoxytrityl group is first removed as described in 
e^) , then is removed as described, then the remaining 
protective groups, for example on the nucleobases, are 
removed ; 

and optionally introducing the groups Q and Q» according to 
processes known to the person skilled in the art, (see, for 
example, Uhlmann & Peyman, Chem. Rev, 90 (1990) 543; M. 
Manoharan in "Antisense Research and Applications", Crooke 
and Lebleu, Eds., CRC Press, Boca Raton, 1993, Chapter 17, 
p.303ff; EP-A 0 552 766; S. Agrawal in Methods in Molecular 
Biology, Vol. 26, P. 93 ff, Humana Press, Totowa 1994), and 
optionally cyclizing the compounds obtained according to 
Wang, Nucl. Acids Res. 22 (1994) 2326, 
whereby compounds of the formula I result. 

Alternatively, conjugates Q' can also be incorporated into 
the monomer units of the formula XXII by processes known to 
the person skilled in the art (J. March, "Advanced Organic 
Chemistry", Fourth Ed., J. Wiley & Sons, 1992), which are 
then incorporated into the compounds of the formula I 
according to the processes mentioned. 
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" (XXH) 

Compounds of the formula XXII can be prepared, for example, 
for Q' = alkyl, by reaction of compounds of the formula 
XXIII with compounds of the formula Via or VIb and further 
reactions analogously to those described for the formulae Va 
and Vb. 




Coii?)6unds of the formula XXII can also be prepared from 
compounds of the formula IX by removal of the protective 
group and introduction of the group Q' according to known 
processes (J. March, "Advanced Organic Chemistry", Fourth 
Ed., J. Wiley & Sons, 1992). 

Alternatively, conjugates Q and Q" can also be incorporated 
into the monomer units of the formula XXIV by processes 
known to the person skilled in the art (J. March, "Advanced 
Organic Chemistry", Fourth Ed., J. Wiley & Sons, 1992), 
which are then incorporated into the compounds of the 
formula I according to the processes mentioned. 
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Y 

Q"-X'^!i 



R R (XXIV) 



Coupling reagents for the linkage of peptide bonds (see c,) ) 
are described, for example, in Houben-Weyl, Methoden der 
organischen Chemie, [Methods of organic chemistry] Volume 
15/2, Georg Thieme Verlag Stuttgart 1974 and further 
reagents such as BOP (B. Castro, J.R. Dormoy, G. Evin and C. 
Selve, Tetrahedron Lett. 1975, 1219-1222), PyBOP (J. Coste, 
D. Le-Nguyen and B. Castro, Tetrahedron Lett. 1990, 205- 
208), BroP (J. Coste, M.-N. Dufour, A. Pantaloni and B. 
Castro, Tetrahedron Lett. 1990, 669-672), PyBroP (J. Coste, 
B. Frerot, P. Jouin and B. Castro, Tetrahedron Lett. 1991, 
1967-1970) and uronium reagents, such as HBTD (V. 
Dourtoglou, B. Gross, V. Lambropoulou, C. Zioudrou, 
Synthesis 1984, 572-574), TBTU, TPTU, TSTU, TNTU (R. Knorr, 
A. Trzeciak, W. Bannwarth and D. Gillessen, Tetrahedron 
Letters 1989, 1927-1930), TOTU (EP-A-0 460 446), HATU (L.A. 
Carpino, J. Am. Chem. Soc. 1993, 115, 4397-4398), HAPyU, 
TAPipO (A. Ehrlich, S. Rothemund, M. Brudel, M. Beyermann, 
L.A. Carpino and M. Bienert, Tetrahedron Lett. 1993, 4781- 
4784), BOI (K. Akaji, N. Kuriyama, T. ECimura, Y. Pujiwara 
and Y. Kiso, Tetrahedron Lett. 1992, 3177-3180) or acid 
chlorides or acid fluorides (L. A. Carpino, H. G. Chao, M. 
Beyermann and M. Bienert, J. Org. Chem., 56 (1991), 2635; 
J.-N. Bertho, A. Loffet, C. Pinel, P. Reuther and G. Sennyey 
in E. Giralt and D. Andreu (Eds.) Peptides 1990, Escora 
Science Publishers B. V.1991. pp. 53-54; j. Green and K. 
Bradley, Tetrahedron 1993, 4141-4146), 2,4,6- 
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mesitylene8ulfonyl-3-nitro-1.2.4-triazolide (MSNT) (B. 
Blankeraeyer-Menge, M. Nimitz and. R. Frank, Tetrahedron Lett 
1990, 1701-1704), 2,5-diphenyl-2,3-dihydro-3-oxo-4- 
hydroxythiophene dioxide (TDO) (R. Kirstgen, R.c. Sheppard, 
W. Steglich, j. Chera. Soc. Chera. Commun. 1987, 1870-1871) or 
activated esters (D. Hudson, Peptide Res. 1990, 51-55) in 
the respective references. 

The use of carbodiimides, e.g. dicyclohexylcarbodiimide or 
diisopropylcarbodiimide. is further preferred. Phosphonium 
reagents, such as PyBOP or PyBroP, uronium reagents, such as 
HBTU. TBTa. TPTU, TSTU, TNTU. TOTU or HATU and BOI are also 
preferably used. 

In this case, the coupling can be carried out directly by 
addition of compounds of the formula VIII using the 
activating reagent and optionally with addition of additives 
such as 1-hydroxybenzotriazole (HOBt) (W. K6nig. R. Geiger, 
Chem. Ber. 103. 788 (1970)) or 3-hydroxy-4-oxo-3,4- 
dihydrobenzotriazine (HOObt) (W. Kdnig, R. Geiger, Chem. 
Ber. 103, 2034 (1970)) or else the preactivation of the 
units as an activated ester can be carried out separately 
and the solution of the activated species in a suitable 
solvent can be added. 

The invention furthermore relates to a process for the 
preparation of the compounds of the formula I, in which n is 
1 to 100, which comprises, in the compounds of the formulae 
XV and XVI 




-8' 



•S' 



-J o 



(XV> 
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A" 
I 



R R 



(xvri 



in which 

A, B™, D. G, L. rS sS S', s^ X, X', X" and Y are as 
defined above, 

o and p independently of one another are zero to 50, 
preferably zero to 20 and o + p + i = n; 

aj) in the compounds of the formula XV removing the 
protective group as described under e^) . 

b, ) in the compounds of the formula XVI removing the 
protective group as described under d^) and 

c, ) coupling the resulting compounds with one another as 
described under fj , compounds of the formula XIV resulting 



X' Y 



-S' 



-J n 



.XIV) 



in which 

.PR 



A, B"*, D, G, L, RS, R«, S*. S» S» X x» v. V 

' ' * ' ' s> » X, X', X", Y and n are as 

defined above. 
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dj) and reacting these as described under h^) to give 
compounds of the formula I, 

The invention furthermore relates to a process for the 
preparation of the compounds of the formula I, which 
comprises 

aj) coupling compounds of the formula X 




(X) 



in v/hich 

A, B^, D, G, L, RS rS SS S', X, X', X" and Y are as 
defined above, 

to a solid support via a SPACER according to known 
processes, to give compounds of the formula XVII, 




in which 

A, B"*, D, G, L, rS R\ S^ S^ X, X«, X" and Y are as 
defined above. 



- 3S - 
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SS is a solid support suitable for solid-phase synthesis, 
such as aminopropyl-CPG {CPG=*Cont rolled Pore Glass) or 
*Tentagel, and 

SPACER is a group removable from the support after synthesis 
has todcen place, such as is known to the person skilled 
in the art (Sonveaux, Bioorganic Chemistry 14 (1986) 
274f f ) , for example the bis (hydroxyethyl) sulfonyl 
group, as is described in EP-A 0 552 766 (HOE 92/F012) , 
or SPACER is bifimctional conjugate molecules Q, which 
are linked to the solid support via known removcible 
groups, for example is nucleotides or oligonucleotides 
which are bound to the solid support via a succinic 
acid radical (Sonveaux, Bioorganic Chemistry 14 (1986) 
274ff) or poly- or oligoethylene glycols which are 
bound to the solid support via a succinic acid radical 
(jaschke, Tetrahedron Lett* 34 (1993) 301) or, for 
example, cholesterol derivatives which are bound to the 
solid support via a succinic acid radical (MacKellar, 
Nucl. Acids Res. 20 (1992) 3411); 



bj) removing the protective group S^ from compounds of the 
formula XVII 



SS 




in which 

A, B**, D, G, L, R*, R*, S\ S*, SS, SPACER, X, X', X" and Y 
are as defined above, 
as described under ej^) ; 
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Cj) reacting the resulting compound with compounds of the 
formula X 



a/ 



H X"^ r^^e CX) 



in which 

A, B"^, G, L, R^ RS S\ S^ X, X', X" and Y are as de- 
fined above, 
as described under f x) ; 



dj) repeating the steps bj) and C3) up to the desired chain 
length; 

63) optionally coupling conjugates Q' by known processes 
(see, for example, Uhlmann & Peyman, Chem* Rev. 90 (1990) 
543; M. Manoharan in "Antisense Research and Applications", 
Crooke and Lebleu, Eds., CRC Press, Boca Raton, 1993, 
Chapter 17, P.303ff ; EP-A 0 552 766; S- Agrawal in "Methods 
in Molecular Biology", Vol. 26, P. 93ff, Humana Press, 
Totowa 1994) ; 

fj) removing the compounds produced in this way from the 
solid support by known processes, for example the 
bis(hydroxyethyl)sulfonyl linkers, as described in EP-A 0 
552 766, (HOE92/P012) by treatment with DBU, the succinic 
acid linker by treatment with aqueous ammonia and the 
protective groups as described in step hi) , where the 
removal of the protective groups can also be carried out 
before the cleavage from the support. 

The con^xinds of the formula I are used as inhibitors of 
gene expression. The invention therefore further relates to 
the use of therapeutically active compounds according to the 
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invention for the production of a pharmaceutical and to a 
process for the production of a pharmaceutical which 
comprises mixing the compounds according to the invention 
with a physiologically acceptable excipient and also, if 
appropriate, suitable additives and/or auxiliaries. 

Therapeutically active compounds are understood in general 
as meaning those which, on account of the sequence of the 
units B which correspond to the nucleobases, carry out a 
function as analogs of antisense oligonucleotides, triple 
helix- forming oligonucleotides, aptamers (RNA or DNA 
molecules which can bind to specific target molecules, e.g. 
proteins or receptors (e.g. L.C. Bock et al., Nature 1992, 
355, 564) or ribozyraes (catalytic RNA, see for example, 
Castanetto et al.. Critical Rev. Eukar. Gene Expr. 1992, 2, 
331) , in particular as analogs of antisense oligonucleotides 
and triple helix-forming oligonucleotides. 

Moreover, the present invention further relates to the use 
of the compounds according to the invention as a diagnostic, 
for example for the detection of the presence or ad^sence or 
the amotint of a specific double- stranded or single -stranded 
nucleic acid molecule in a biological sample. 

For use according to the invention, the conpounds according 
to the invention generally have a length (n-1) of about 6 - 
100, preferably of about 10-40, in particular of about 12 
- 31 nucleotides. Otherwise, the preferred ranges, 
modifications or conjugations described above also apply 
here. 

The pharmaceuticals of the present invention can be used, 
for example, for the treatment of illnesses which are caused 
by viruses, for example by HIV, HSV-l, HSV-2, influenza, 
VSV, hepatitis B or papilloma viruses. 
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a) against aiv, e.g. 

ACACCCAATTCTQAAAATGG 
AGGTCCCTGTTC6GGCGCCA 
GGTCCCTGTTCGGGCGCCA 
GTCGACACCCAATTCTGAAAATGQATAA 
GCTATQTCGACACCCAATTCTQAAA 
GTCGCTGTCTCCQCTTCTTCTTCCTQ 
GTCTCCGCTTCTTCTTCCTGCCATAQQ 

b) against HSV-1, e.g. 

GCG0GGCTCCAT6GGGGTCQ 
G6AGGATQCTGAGGAGG 
GGAGGATGCTGAGG 
CAGGAG6ATGCTGA6GAGG 

The pharmaceuticals of the present invention are also 
suitable, for example, for the treatment of cancer or of 
restenosis. For example, in this case sequences (base 
sequences) can be used which are directed against targets 
which are responsible for carcinogenesis or cancer growth. 
Such targets are, for example: 

1) Nuclear oncoproteins such as c-myc, V-mya, c-myb, c-fos, 
c-fos/jun, FCNA, pl20 

2) Cytoplasmic/membrane-associated oncoproteins such as BJ- 
ras, c-Ha-ras, N-ras, rrg, bcl-2, cdc-2, c-raf-1, c-mos, c- 
src, c-abl 

3) Cellular receptors such as BGP receptor, c-erbA, retinoid 
receptors, protein kinase regulatory subunits, c-fms 

4) Cytokines, growth factors, extracellular matrix such as 
CSP-1, IL-6, IL-la, IL-lb, IL-2, IL-4, bPGP, nryeloblastin, 
fibronectin. 



SEQ 10 N0:1 
SEQ 10 N0:2 
SEQ 10 NO:26 
SEQ ID N0:3 
SEQ ID N0:4 
SEQ 10 N0:5 
SEQ 10 N0:6 

SEQ ID NG:7 
SEQ ID N0:28 
SEQ 10 N0:29 
SEQ 10 N0:30 



- 40 - 



2171583 



4) Cytokines, growth factors, extracellular matrix such as 
CSF'l, IL-6, IL-la, IL-lb, IL-2, IL-4, bFGF, myeloblastin, 
f ibronectin. 

Sequences according to the invention (base sequences) which 
are active against targets of this type are, for example, 

a) against c-Ha-ras, e.g. 

CAGCTGCAACCCAGC SEQ ID NO: 8 
c) c-myc, e.g. 

GGCTGCTGGAGCGGGGCACAC SEQ ID NO: 9 



AACGTTGAGGGGCAT 


SEQ 


ID 


NO; 


: 10 


d) c-myb, e.g. 










GTGCCGGGGTCTTCGGGC 


SEQ 


ID 


NO: 


:11 


GTGCCGGGGTCTTCGGG 


SEQ 


ID 


NO: 


.21 


e) c-fos, e.g. 










GGAGAACATCATGGTCGAAG 


SEQ 


ID 


NO: 


12 


CCCGAGAACATCATGGTCGAAG 


SEQ 


ID 


NO: 


13 


GGGGAAAGCCCGGCAAGGGG 


SEQ 


ID 


NO: 


:14 


f) pl20, e.g. 










CACCCGCCrrTGGCCTCCCAC 


SEQ 


ID 


NO: 


:15 


g) EGF receptor, e.g. 










GGGACTCCGGCGAGCGC 


SEQ 


ID 


NO: 


:16 


GGCAAACTTTCTTTTCCTCC 


SEQ 


ID 


NO: 


:17 
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h) p53 tumor suppressor, e.g, 

GGGAAGGAGGAGGATGAGG SEQ ID NO: 18 

GGCAGTCATCCAGCTTCGGAG SEQ ID NO: 19 

i) bFGF, e,g, 

GGCTGCCATGGTCCC SEQ ID NO: 31 

The pharmaceuticals of the present invention are further 
suitable, for example, for the treatment of illnesses which 
are affected by integrins or cell -cell adhesion receptors, 
for example by VLA-4, VIiA-2, ICAM or BLAM. 

Sequences according to the invention (base sequences) which 
are active against targets of this type are, for example 

a) VLA-4, e.g. 



GCAGTAAGCATCCATATC 


SEQ 


ID 


NO: 


20 


b) ICAM, e.g- 










CCCCCACCACTTCCCCTCTC 


SEQ 


ID 


NO: 


21 


CTCCCCCACCACTTCCCCTC 


SEQ 


ID 


NO: 


22 


GCTGGGAGCCATAGCGAGG 


SEQ 


ID 


NO: 


23 


c) ELAM-1, e.g. 










ACTGCTGCCTCTTGTCTCAGG 


SEQ 


ID 


NO: 


24 


aVATCAATGACTTCAAGAGTTC 


SEQ 


ID 


NO: 


25 



The pharmaceuticals of the present invention are further 
suitable, for exart?)le, for the treatment of illnesses which 
are induced by factors such as TNF alpha. 
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Sequences according to the invention (base sequences) which 
are active against targets of this type are, for example 

a) TNF-alpha, e.g. 

5 

TCATGGTGTCCTTTGCAGCC SEQ ID NO: 32 

TCATGGTGTCCTTTGCAG SEQ ID NO: 33 

The pharmaceuticals can be used, for example, in the form of 

10 pharmaceutical preparations which can be administered, for 

example, topically or orally, e.g. in the form of tablets, 
coated tcdslets, hard or soft gelatin capsules, solutions, 
emulsions or suspensions. They can also be administered 
rectally, e.g. in the form of suppositories, or 

15 parenterally, e.g. in the form of injection solutions. For 

the production of pharmaceutical preparations, these 
compounds can be processed in therapeutically inert organic 
and inorganic excipients. Examples of such excipients for 
tablets, coated tablets and hard gelatin capsules are 

20 lactose, maize starch or derivatives thereof, talc and 

stearic acid or salts thereof. SuitoU^le excipients for the 
production of solutions are water, polyols, sucrose, invert 
sugar and glucose. Suitable excipients for injection 
solutions are water, alcohols, polyols, glycerol and 

25 vegetable oils» Suitable excipients for suppositories are 

vegetable and hardened oils, waxes, fats and semiliquid 
polyols. The pharmaceutical preparations can also contain 
preservatives, solvents, staUbilizers, wetting agents, 
emulsifiers, sweeteners, colorants, flavorings, salts for 

30 changing the osmotic pressure, buffers, coating 

compositions, antioxidants, and also, if appropriate, other 
therapeutic active compounds. 

A preferred administration is oral administration. A further 
35 preferred form of administration is injection. For this, the 

antisense oligonucleotides are formulated in a liquid 
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solution, preferably in a physiologically acceptable buffer, 
such as Hank's solution or Ringer's solution • The 
therapeutically active compounds according to the invention, 
however, can also be formulated in solid form and dissolved 
or suspended before use. The preferred dosages for systemic 
administration are about 0.01 rag/kg to about 50 mg/kg of 
body weight per day. 

List of sequences: 

ACACCCAATTCTGAAAATGG 
AGGTCCCTGTTCGGGCGCCA 
GTCGACACCCAATTCTGAAAATGGATAA 



SEQ ID N0:1 
SEQ ID NO: 2 
SEQ ID NO:3 
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^^^^^^ A ^^^^^^^^ M, A A m. ^^^^^^^^^^ AAA 

GwT ATGTCGACACCCAATTCTGAAA 


SEQ ID N0:4 


u 1 COCTQTCTCCGCTTC n t J f CCTG 


SEQ 10 NO:S 


CjTCTCCGCTTe 1 1 u 1 1 CCTGCCATAGG 


SEQ 10 N0:6 


GCGGGGCTCCATGGGGGTC6 


SEQ 10 N0:7 


CAGCTGCAACCCAGC 


SEQ ID N0:8 


GGCTGCTGGA6CGG6GCACAC 


SEQ ID N0:9 


AACGTTGAGGGQCAT 


SEQ ID NO: 10 


GTGCCGGGGTCTTCGG6C 


SEQ iO NO: 11 


GGAQAACATCATGGTCGAAAG 


SEQ 10 NO: 12 


CCCGAGAACATCATGGTCGAAG 


SEQ 10 NO: 13 


GGGGAAA6CCCGQCAAGGGG 


SEQ 10 NO: 14 


CACCCGCCTTGGCCTCCCAC 


SEQ ID NO: 15 


GGGACTCCGGCGCAQCGC 


SEQ ID NO: 16 


GGCAAACTTTCTTTTCCTCC 


SEQ 10 NO: 17 


GG6AAGGAGGAGGATQAG6 


SEQ ID NO: 18 


GGCAGTCATCCAGCTTCGGAG 


SEQ ID NO: 19 


GCAGTAAGCATCCATATC 


SEQ 10 N0:20 


CCCCCACCACTTCCCCTCTC 


SEQ ID N0:21 


CTCCCCCACCACTTCCCCTC 


SEQ ID N0:22 


GCTGGQA6CCATAGC6AGG 


SEQ ID NO:23 


ACTGCTGCCTCTTGTCTCAGQ 


SEQ ID N0:24 


CAATCAATGACTTCAAGAGTTC 


SEQ 10 NO:25 


GGTCCCTQTTCGG6C6CCA 


SEQ ID NO:26 


GTGCCGGQGTCTTC6GG 


SEQ K> N0:27 


G6AGGATGCTGAGGAGG 


SEQ ID N0:28 


GQAGGATGCTQAGQ 


SEQ ID NO:29 


CAGGAGGATGCTGAGGAGG 


SEQ ID N0:30 


GGCTGCCATGGTCCC 


SEQ ID N0:31 


TCATG6TGTCCTTTGCAGCC 


SEQ ID NO:32 


TCATGGTGTCCTTTQCAG 


SEQ ID N0:33 
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Examples : 

1) Di {2- (p-nitrophenyl) ethyl) N- {4-methoxytriphenyl- 
methoxy) ethylaminomethanephosphonate 

la) N-Fluorenylmethoxycarbonyl-2-aminoethanol 

8.61 g (0.141 mol) of 2-aminoethanol were dissolved in 250 
ml of dioxane and 150 ml of HjO. At 15-20**C, 17,79 g (0.212 
mol) of NaHCO, were first added, then 50 g (0.148 mol) of 
fluorenylmethoxycarbonyl-N-succinimide in portions. The 
mixture was stirred at room temperature for Ih, then it was 
evaporated to dryness. The residue was partitioned between 
dichlorome thane (DCM) and HjO, the organic phase was dried 
over NaaSO^ and the solvent was evaporated in vacuo. The 
residue was stirred with 100 ml of ether, and the product 
was filtered off with suction and washed well with ether. 
The yield was 38.77 g (97%). 

MS (ES+) : 284.2 (M+H)*; 'H-NMR (200 MHz, DMSO, TMS) : 

6 = 3.05 (dd, 2H, i2IaGH) ; 3.39 (dd, 2H, N=CH,) ; 4.25 (m, 3H, 

Ar-CH-OIa); 4.61 (t, IH, OH); 7.14-7.98 (m, 15H, Ar-H, NH) . 

lb) N- Fluorenylme t hoxycarbonyl - 2 - amino- 1 - ( 4 -me thoxy t r i - 
phenylmethoxy ) ethane 

10 g (35.3 mmol) of N-fluorenylmethoxycarbonyl -2-amino- 
ethanol (from Exanqple la), dissolved in 100 ml of absol. 
N,N-dimethylformamide (DMP) , were treated at 0*C with 5.93 g 
(45.93 ntmol) of diisopropylethylamine (DIPEA) and 10.91 g 
(35.3 mmol) of 4-methoxytriphenylmethyl chloride and stirred 
first at O^C for 1 h, then at room temperature for 1 h. The 
reaction mixture was evaporated and partitioned between DCH 
and a saturated aqueous NaHCOj solution. The organic phase 
was washed with H^O cuid dried over Na2S04, and che solvent, 
was evaporated in vacuo. To purify the product, it was 
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chromatographed on silica gel (first n- heptane/ ethyl acetate 
(EA) /triethyl amine (TEA) 70:29:1; then EA/TEA 99:1). The 
yield was 14.4 g (73%). 

MS (FAB): 562.3 (M+Li)"; ^H-NMR (200 MHz, DMSO, TMS) : 

5 = 2-95 (t, 2H, CHjO-MMTr); 3.21 (dd, 2H, N-CHj) ; 3.75 (s, 
3H, OCH3); 4.25 (m, 3H, Ar-CH-CHj) ; 4.61 (t, IH, OH); 6.80- 
7.96 (in, 23H, Ar-H, NH) . 

Ic) 2 -Amino- 1- (4 -met hoxytriphenylmethoxy) ethane 

5.0 g (9 mmol) of N-f luorenylraethoxycarbonyl-2-amino-l- (4- 
methoxytriphenylmethoxy) ethane (from Example lb), dissolved 
in 50 ml of absol* DMF, were treated at room temperature 
with 6.55 g (90 mmol) of diethylamine and the mixture was 
stirred for 2h. To purity it, it was chromatographed on 
silica gel (first n-hepteme/EA/TEA 50:49:1; then 
EA/methanol/TEA 79:20:1). The yield was 2.96 g (98.7%). 

MS (ES+) : 340.3 (M+Li)*; *H-NMR (200 MHz, DMSO, TMS): 

6 = 2.75 (t, 2H, CHjO-MMTr); 2.93 (dd, 2H, N-CH,) ; 3.75 (s, 
3H, OCH3); 6.83-7.47 (m, 14H, Ar-H) . 

Id) 2-Methylimino-l- (4-methoxytriphenylmethoxy) ethane 
(trimer) 

2.96 g (8.9 mmol) of 2-amino-l- (4-methoxytriphenyl- 
methoxy) ethane (from Example Ic) , dissolved in 10 ml of 
methanol were treated with ice cooling with 1.08g 
(13.22 mmol) of 37% formaldehyde and stirred at room 
temperature for 4h, a viscous precipitate being formed. The 
reaction mixture was evaporated and the residue was 
chromatographed on silica gel to purify it (n-heptane/ 
EA/TEA 50:49:1). The yield was 1.7 g (55%). 
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MS (FAB) : 1042.8 (M+Li)*; 1034.8 (M-H) \ ^H-NMR (200 MHz, 
DMSO, TMS) : 6 = 2.60 (t, 6H, O-CHj) ; 2.99 (t, 6H, N-CH^) ; 
3.69 (s, 9H, OCH3); 6.78-7.42 (m, 42H, Ar-H) . 

5 le) Di(2- {4-nitrophenyl)ethyl) phosphite 

23,42 g (0.1 tnol) of diphenyl phosphite were heated at 100<>C 
for 14h under argon together with 33.43g (0.2 mol) of p- 
nitrophenylethanol , and to purify it the mixture was 
10 chromatographed on silica gel (n-heptane/EA 50:50; then 

EA/methanol 80:20). Yield: 55%. 

MS (FAB): 403.1 (M+Na)*; 381.1 (M+H) \ ^H-NMR (200 MHz, DMSO, 
TMS): d = 3.03 (t, 4H, Ar-CHj) ; 4.20 (4Hr dt, O-CHj) ; 6.71 
15 (d, J=140Hz; IH, PH) ; 7.52 (d, 4H, Ar-H); 8.17 (d, 4H, Ar- 

H) . 

If) Di- (2- (p-nitrophenyl) ethyl N- (4-raethoxytriphenyl- 
methoxy)ethylaminomethanephosphonate 

20 

341 mg (0.329 mmol) of 2-methylitnino-l- (4-methoxytri- 
phenylmethoxy) ethane (trimer) (from Example Id) were added 
to 500 mg (1.32 mmol) of di (2- (4-nitrophenyl) ethyl) 
phosphite (from Example le) , dissolved in 2 ml of absol. 
25 Tetrahydrofuran (THF) , and the mixture was stirred at 80°C 

for 3 h. The solvent was evaporated and the residue was 
stirred at 100**C for a further 30 min. To purify it, it was 
chromatographed on silica gel (first EA/TEA 99:1; then 
EA/methanol/TEA 90:9:1). Yield: 83%. 



30 



MS (FAB): 732.3 (M+Li)*. ^H-NMR (200 MHz, DMSO, TMS): 
6 = 2.64-3.06 (m, lOH, Ar-CHj + P-CH^ + CH^-OMI^r + N-CHj) ; 
3.73 (S, 3H, OCHj); 4.16 (dt, 4H, PO-CHj) ; 6.78-8.08 (m, 
22H, Ar-H) . 



35 
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2) Di (2- (p-nitrophenyDethyl) N- (N*-Anisoyl) cytosin) -1-yl- 
acetyl-N- (4-methoxytriphenylmethoxy) ethylaminomethane- 
phosphonate 



5 2a) 0.952g (8.27 niraol) of N-ethylmorpholine (NEM) , 0.834g 

(2.76 nunol) of (N*-anisoyl) cytosin-l-yl-acetic acid and 
1-153 g (3.03 mmol) of O- {7-aza) benzotriazol-l-yltetra- 
methyluronium hexaf luorophosphate (HATU, L. Carpino, J. Am. 
Qiem. Soc. 1993, 115, 4397) was added to 2.00 g (2.76 mmol) 

10 of di (2- (p-nitrophenyl)ethyl) N- (4-methoxytriphenyl- 

methoxy) ethylaminomethcuiephosphonate (from Example If), 
dissolved in 60 ml of absol. DMP, and the mixture was 
stirred at room temperature for 12h. The same amount of HATU 
was then added once again and the mixture stirred at room 

15 temperature for a further 3h. To purify it, it was chromato- 

graphed on silica gel (DCM/methanol/TEA 95:4:1). The yield 
was 2.7 g (97%) . 

MS (ES+) : 1012.0 (M+H)*. 'H-NMR (200 MHz, DMSO, TMS) : 
20 « = 2.94 (t, 4H, P-O-CHa-CHi-Ar) ; 3.06 (t, 2H, MMTr-O-dfe) ; 

3.23-3.63 (m, 4H, P-CHa + N-Ofc) ; 3.75 (s, 3H, 00^3); 3.83 
(s, 3H, OCHj); 4.10 (dt, 4H, P-O-CH^) ; 4.79 (s, broad, 2H, 
CO-CHj) ; 6.80-8.18 (m, 28H, Ar-H, cytosinyl-H) ; 11.03 (s, 
broad, IH, NH) . 

25 

2b) Mixture as in Example 2a, but using O- (cyano (ethoxy- 
carbonyDmethylenamino) -1,1,3,3-tetramethyluronium tetra- 
fluoroborate (TOTU, EP 0460446) instead of HATU. The yield 
was 57%. Spectroscopic data: see Example 2a. 

30 

3) N- (N*-Anisoyl) cytos in- 1-yl -acetyl -N- (4-methoxytri- 
phenylmethoxy) ethylaminomethanephosphonic acid (2-(p- 
nitrophenyl) ethyl) monoester (triethylaramonium salt) 

35 1 g (0.99 mmol) of di (2- (p-nitrophenyl)ethyl) N- (N*- 

anisoyl) cytosin-l-yl -acetyl -N- (4-methoxytriphenylmethoxy) - 
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ethylaminomethanephosphonate (from Example 2) was dissolved 
in 20ml of a 0.1 M solution of 1, S-diazabicyclo [5 .4 , 0] undec- 
7-ene (DBU) in absol. acetonitrile and the mixture was 
stirred at room temperature for 4h. The reaction mixture was 
partitioned between DCM and an aqueous KH2P0^ solution (pH 
7) , the organic phase was dried over NajSO^ and the solvent 
was evaporated in vacuo- To purify the residue, it was 
chromatographed on silica gel (EA/methanol/TEA 70:29:1), The 
yield was 540 mg (57%) . 

MS (FAB): 906.5 {M-H+2Na)*; 884.6 (M+Na)*; 862.5 (M+H) 'H- 
NMR (200 MHz, DMSO, TMS) : 6 = 3.00 (ra, 4H, P-O-CH^-CHj-Ar + 
MMTr-0-£2Ia) ; 3.38-3.60 (m, 4H, P-flfe + N-CH3) ; 3.73 (s, 3H, 
OCH3) ; 3.82 (s, 3H, OCH3); 4.01 (dt, 2H, P-O-CHj) ; 4.79& 5.03 
(in each case s, broad, 2H, CO-CHj) ; 6.78-8.20 (m, 24H, Ar- 

H, cytosinyl-H) ; 11.00 (s broad, IH, NH) . 

4) Di(2- (p-nitrophenyl) ethyl) N- (N*-anisoyl) cytosin-l-yl- 
acetyl-N- (2-hydroxy) ethylamino-methauiephosphonate 

I. 00 g (0.99 mmol) of di (2- (p-nitrophenyl) ethyl) N- (N*- 
anisoyl) cytosin-l-yl -acetyl-N- (4-methoxytriphenylmethoxy) - 
ethylaminomethanephosphonate (from Example 2) was dissolved 
in 80 ml of 80% aqueous acetic acid and the solution was 
stirred at room temperature for 4h. The solvent was 
evaporated and the residue was coevaporated twice with 
toluene. To purify it, it was chromatographed on silica gel 
(EA/methanol/TEA 85:14:1) . The yield was 522 mg (71%) . 

MS (FAB): 761.2 (M+Na)*; 739.3 (M+H)*. ^H-NMR (200 MHz, DMSO, 
TMS): 4 = 2.98 (t, 4H, P-O-CHj-CHj-Ar) 3.38-3.67 (m, 4H, N- 
CHaCHj-OH); 3.80-3.89 (m, 2H, P-CHj) ; 3.91 (s, 3H, OCH,) ; 
4.12 (dt, 4H, P-O-CHj) ; 4.78 & 4.87 (in each case s, broad, 
2H, CO-CHj); 6.98-8.19 (m, 14H, Ar-H, cytosinyl-H); 11.02 
(s, broad, IH, NH) . 
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5) 5'-MMTr-C*"- (P(ONPE) -C^-P(ONPE) J 

The synthesis was carried out analogously to Example 7 from 
N- (N*-anisoyl) cytosin-l-yl -acetyl -N- (4-methoxytriphenyl- 
methoxy)ethylaminomethanephosphonic acid (2- (p-nitro- 
phenyl) ethyl) monoester (triethylammonium salt) (Example 3) 
and di(2- (p-nitrophenyl)ethyl) N- (N*-anisoyl) cytosin-l-yl- 
acetyl-N- (2 -hydroxy) ethylaminomethanephosphonate (Example 4) 
To purify it, the compound was chromatographed on silica gel 
(EA/methanol/TEA 85/14/1). Yield: 73%. 

MS (FAB): 1605 (M+Na)*; 1583 (M+H)*. ^H-NMR (200 MHz, DMSO, 
TMS) : 6 = 2.94-3.18 (m, GK, P-0-C3Ij-£2t-Ar) 3.26-3,95 (m, 
lOH); 3.75 (s, 3H, OCH3) ; 3.85 (a, 6H, OCH3) ; 3.99-4.36 (m, 
8H, P-O-CMj) ; 4.75-4.92 (m, broad, 4H, CO-CHj) ; 6.83-8.18 
(m, 38H, Ar-H, cytosinyl-H) ; 10.98 & 11.03 (in each case s, 
broad, 2H, NH) . 

6) 5'-H0-C^-P(0NPB) -C*»-P(ONPE) J 

The synthesis was carried out analogously to Example 4 from 
"5* -MMTr-C*°-P(ONPE) -C*"-P(0NPE)2" (Example 5). To purify it, 
the compound was chromatographed on silica gel 
(EA/methanol/TEA 85:14:1). The yield was 74%. 

MS (FAB): 1332.4 (M+Na)*; 1310.3 (M+H)*; 

7) Diethyl N- (4 -methoxytriphenylmethoxy) ethylamino- 
methanephosphonate 

The synthesis was carried out analogously to Example If, but 
using diethyl phosphite. Yield: 87.5%. 

MS (FAB): 490.2 (M+Li)*. ^H-NMR (200 MHz, DMSO, TMS): 

6 = 1.22 (t, 6H, CHj-CHa); 2.80 (t, 2H, N-CH,) ; 2.91 (d, J = 
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12.5 Hz, 2H, P-CH2);3,02 {t, 2H, CHj-OMMTr) ; 3.75 (s, 3H, 
OCHj); 4.01 (dq, 4H, PO-CH^) ; 6.84-7.45 (m, 14H, Ar-H) - 

8) Diethyl N-thymin-l-yl-acetyl-N- {4-methoxytriphenyl- 
methoxy) ethylaminomethanephosphonate 

570.3 mg (4.22 mmol) of hydroxybenzotriazole (HOBT) , 972.1 
mg (8.44 mmol) of NEM, 777 mg (4.22 mmol) of thymidin-l-yl- 
acetic acid and 639 mg (5.06 mmol) of 

diisopropylcarbodiimide were added to 2.04g (4.22 mmol) of 
diethyl N- ( 4 -methoxytriphenylmethoxy) ethylamino- 
methanephosphonate (Example 7), dissolved in 50 ml of cOasol. 
DMF* The mixture was stirred at room temperature for 16 h, 
the solvent was evaporated, the residue was dissolved in DCM 
and the solution was extracted with saturated aqueous NaHCOj 
solution, then was saturated with aqueous NaCl solution. The 
extract was dried over sodium sulfate and the solvent 
evaporated. To purify it, the residue was chromatographed on 
silica gel (EA/methanol/TEA 98:2:1). The yield was 2.47g 
(90%) . 

MS (FAB): 662.3 (M+Na)*; 656.3 (M+Li)*. ^H-NMR (200MHz, DMSO, 
TMS) : 6 = 1.12-1.32 (m, 6H, CH^-CHj) ; 1.68 Sl 1.75 (in each 
case s, 3H, T-CHj) ; 3.10-3.40 (m, 2H, CH,-OMMTr) ; 3.53-3.70 

(m, 4H, P-CHj + N-CHi); 3.75 (S, 3H, OCHJ ; 3.83-4.16 (m, 4H, 
PO-CHj) ; 4.62 k A. 12 (in each case s, 2H, CO-CHa) ; 6.83-7.42 

(m, 15H, Ar-H, T-H) ; 11.28 (s, IH, NH) . 

9) N-Thymin-^l-yl -acetyl -N- (4 -methoxytriphenylmethoxy) - 
ethylaminomethanephosphonic acid monoethyl ester (tri- 
ethyl ammonium salt) 

811 mg (1.25 mmol) of diethyl N-thymin-l-yl-acetyl-N- (4- 
methoxytriphenylmethoxy) ethylaminomethanephosphonate 
(Example 8) were suspended in 3.75 ml of IN NaOH. The 
mixture was stirred at room temperature for 3h, then at 50**C 
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for 6h. The reaction mixture was concentrated in vacuo and 
the residue was chromatographed on silica gel 
(EA/methanol/TEA 100:10:10, then 100:40:10). The yield was 
897 mg (99.5%) . 

5 

MS (ES-) : 620.4 (M-H) * . ^H-NMR (200MHz, DMSO, TMS) : 6 = 1.18 
(t,9H,N-CH2-CH3) ; 1.68 & 1.74 (in each case s, 3H, T-CH3) ; 
2.96-3.08 (q,6H, N-CHj-CHj ; 3.35(m, 2H, N-CH^) ; 3.43-3.70 
(d, J = 11 Hz, 2H, P-CHj); 3.63 (t, 2H, CHj-OMMTr) ; 3*75 (s, 
10 3H, OCH3) ; 3.78 (dq, 2H, PO-CH2) ; 4.60 & 4.86 (in each case 

s, 2H, CO-CHa); 6.82-7.41 (m, 15H, Ar-H, T-H) ; 11.24 (s, IH, 
NH) . 

10) Diethyl N-thymin-l-yl-acetyl-N- (2-hydroxy)ethyl- 
1 5 aminome t hanephosphona t e 

The synthesis was carried out analogously to Example 4 from 
diethyl N-thymin-l-yl-acetyl-N- (4-methoxytriphenyl- 
methoxy)ethylaminomethanephosphonate (Example 8) • To purify 
20 it, the product was chromatographed on silica gel 

(EA/methanol 90:10) . Yield: 80%. 

MS (FAB): 400.1 (M+Na)*; 378.1 (M+H)*. ^H-NMR {200MHz, DMSO, 
TMS): 6 = 1.17-1.32 (m, 6H, CHj-CHj) ; 1.78 (s, 3H, T-CHj) ; 
25 3.40-3.69 (m, 4H, CHj-OH + N-CHj) ; 3.89 (d, J = 11 Hz, 2H, 

P-CHj) ; 3.92-4.19 (m, 4H, PO-CHj) ; 4.70 (s, 2H, CO-iaij) ; 4.98 
(t,lH,OH); 7.22 & 7.30 (in each case s, IH, T-H); 11.25 (s, 
IH, NH) . 

30 11) biphenyl N- (4-methoxytriphenylmethoxy) ethylamino- 

me t hanephosphonat e 

The synthesis was carried out analogously to Example If, but 
using diethyl phosphite. Yield: 100%. 



35 



MS (FAB) : 58.2 (M+Li)*, 



- 53 



2171589 



10 



12) N-Thytnin-l-yl-acetyl-N- (4-methoxytriphenylmethoxy) - 
ethylaminomethanephosphonic acid monophenyl ester (tri- 
ethylaramonium salt) 

The synthesis was carried out analogously to Example 81 from 
diphenyl N- (4 -methoxytriphenylmethoxy) ethylaminomethane - 
phosphonate (Example 11) and thymidin-l-yl- acetic acid. To 
purify it, the product was chromatographed on silica gel 
(EA/methanol/TEA/HaO 90:10:5:0.5). Yield: 47%. 



MS (FAB): 682.3 (M + 2Li-H)^ 'H-NMR (200 MHz, DMSO, TMS) : 6 
= 1.16 (t,9H,N-CHj-CH|) ; 1.67 & 1.72 (in each case s, 3H, T- 
CH3); 2.96-3.70 (m, 12H, N-CH3-CH3 + N-CH2 + P-CHj -t- CHj- 
OMMTr) ; 3.75 (s, 3H, OCH3) ; 4.58 & 4.88 (in each case s, 2H, 
15 CO-CHj); 6.74-7.46 (m, 20H, Ar-H, T-H) ; 11.23 (s, IH, NH) . 

13) Phenyl 4-nitrophenylethyl N-thymin-l-yl-acetyl-N- (4- 
methoxytriphenylmethoxy) ethylaminomethanephosphonate 

20 385. 4mg (0.5 mmol) of N-thymin-l-yl-acetyl-N- (4-methoxy- 

triphenylmethoxy) ethylaminomethanephosphonic acid monophenyl 
ester (triethylammonium salt) (Example 12) and 92 mg (0.55 
mmol) of 4-nitrophenylethanol were coevaporated three times 
with etbsol. pyridine, then dissolved in 15 ml of absol. 

25 pyridine. 403.4 mg (0.15 mmol) of 3-nitro-l- (p- 

toluenesulfonyl) -IH- 1,2,4 -triazole (TSNT) were added at O^C, 
then the mixture was stirred at O-S^'C for 16 h, the pyridine 
was distilled off in vacuo, the residue was taken up in EA 
and the solution was washed successively with saturated 

30 aqueous NeOICOj solution, then with NaCl solution. To purify 

it, the product was chromatographed on silica gel (EA/TEA 
100:2). The yield was 162 mg. 



MS (FAB) : 831.3 (M + 2Li - H)*; (M + hi)\ 



35 
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14) Di{2- (p-nitrophenyl) ethyl) N-thymin-l-yl-acetyl-N- (4- 
methoxytriphenylmethoxy)ethylaminomethanephosphonate 

The synthesis was carried out analogously to Example 8 from 
di- (2- (p-nitrophenyl) ethyl) N- {4-methoxytriphenyl- 
methoxy)ethylaminomethanephosphonate (Example If) and 
thymidin-l-yl-acetic acid. 
Yield: 63% 

MS (ES+) : 898.4 (M+Li)*. ^H-NMR (200MHz, DMSO, TMS) : 
5 = 1,65 & 1.72 (in each case s, 3H, T-CHj) ; 2.96 (t, 4H, P- 
O-CHa-CHj-Ar) ; 3.06 (t, 2H, N-CH,) ; 3.67 (d, J = llHz, 2H, P- 
CHj) ; 3.70 (m, 2H, MMTr-O-OIa) ; 3.75 (s, 3H, OCH,) ; 3.83 (s, 
3H, OCH3) ; 4-10 (dt, 4H, P-O-CHj) ; 4.59 & 4.62 (in each case 
s, broad, 2H, CO-CHj) ; 6.83-8.18 (m, 23H, Ar-H, T-H) ; 11.30 
(s, broad, IH, NH) . 

15) N-Thymin-l-yl -acetyl -N- (4-methoxytriphenylmethoxy) - 
ethylarainoroethanephosphonic acid 4-nitrophenylethyl 
monoester (triethylammonium salt) 

15a) From 30 rag of phenyl 4-nitrophenylethyl N-thymin-l-yl- 
acetyl-N- (4-methoxytriphenylmethoxy) ethylamino- 
methanephosphonate (Example 13) 

30 mg of phenyl 4-nitrophenylethyl N- thyrain-l-yl- acetyl -N- 
(4 -methoxytriphenylmethoxy) ethylarainomethanephosphonate 
(Example 13) were dissolved in a mixture of 1 ml of TEA, 1 
ml of dioxane omd 80 mg of p-nitrobenzaldoxime and the 
solution was stirred at room temperature for 3h. The solvent 
was evaporated in vacuo and the residue was coevaporated 
three times with pyridine and twice with toluene. The 
residue was chromatographed on silica gel (EA/TEA 100:2, 
then EA/methanol/TEA 60:40:2). The yield was 23 mg. 
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MS (FAB): 755.3 (M * 2Li-H)-. »H-NMR (200 MHz. DMSO, TWS) • « 
= 1.15 (t,9H,N-CH,-£H,); 1.60 & 1.79 (m. 3H, T-CH,) ; 
2.80-3.60 (m. 14H, N-CH,-CH3 + N-SB, * P-CH, * CH,-oiwTr * Ar- 
CH.); 3.73 (s, 3H, OCH3); 4.01 (dt, 2H, P-O-CH,) ; 4.58 -4 92 
(m, 2HCO-i2i,); 6.82-8.18 (m. 19H, Ar-H, T-H) ; 11.30 (s, IH, 
NH) . 

15b) From di (2- (p-nitrophenyl) ethyl) N- thymin-l-yl- acetyl -n- 
(4-inethoxytriphenylmethoxy) ethylamino- methanephosphonate 
(Example 14} 

The synthesis was carried out analogously to Example .3 from 
di (2- (p-nitrophenyl) ethyl) N-thyrainri-yl-acetyl-N- (4- 

methoxytriphenylmethoxy)ethylaminomethanephosphonate 
(Example 14), but in pyridine as a solvent. Yield: 82%. 
Spectroscopic data: see Exan^le 15a. 

16) N-Thymin-l-yl-acetyl-N- (4-methoxytriphenylmethoxy) - 
ethylaminomethanephosphonic acid 

The synthesis was carried out analogously to Example 15b. N- 
Thymin-l-yl-acetyl-N- (4-methoxytriphenylmethoxy) ethyl- 
aminomethanephosphonic acid is obtained in 18* yield as a 
by-product . 

MS (ES-) : 592.2 (M-H)". 

17) 5 • -MMTr-T-P (0-ethyl) -T-P- (0-ethyl) , 



361 mg (0.5 mmol) of N-thymin-l-yl-acetyl-N- (4-methoxy- 
triphenylmethoxy) ethylaminomethanephosphonic acid monoethyl 
ester (triethylammonium salt) (9) and 188.7 mg (0.5 mmol) of 
diethyl N-thyrain-l-yl-acetyl-N- (2- 

hydroxy)ethylaminomethanephosphcnate (10) were coevaporated 
together twice with absol. pyridine, then dissolved in 10 ml 
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of absol. pyridine. 1,5 mmol of TSNT were added at 5-10«C 
and the mixture was stirred at room temperature for 16h. The 
pyridine was evaporated in vacuo, the residue was dissolved 
in EA and the solution was washed successively with 
saturated aqueous NaHCO, solution, then NaCl solution. It 
was dried over Na^SO,, concentrated and to purify the 
residue it was chromatographed on silica gel 
(EA/methanol/TEA 92:8:2). The yield was 223 mg (46%). 

MS (FAB): 987.5 {M*Li)\ ^H-NMR (200MHz. DMSO, TMS) 
Characteristic signals are: Ar-H & thymine-H: 6.82-7.43 (m, 
ISH); CO-CH,: 4.59-4.78 (m, 4H) ; thymine-CH,: 1.63-1.80 (m/ 
6H) . 

18) 5 • -HO-T-P (0-ethyl) -T-P (0-ethyl) , 

The synthesis was carried out analogously to Example 4 from 
5'-MMTr-T-P(0-ethyl).T-P(0-ethyl}, (Example 17). To purify 
the product, it was chromatographed on silica gel 
(EA/methanol/TEA 85:15:2. then 100:50:1.5). The yield was 
95%. 

MS (FAB): 731.2 (M+Na)» 709.1. (M+Li)». »H-NMR (200MH2, DMSO, 
TMS) Characteristic signals are: thymine-H: 7.21-7.36 (m, 
2H); CO-CH,: 4.60-4.76 (ra. 4H) ; thymine-CH,: 1.63-1.79 (m' 
6H) . 

19) 5- -MMTr-T-P(O-phenyl) -T-P (0-ethyl) ^ 

The synthesis was carried out analogously to Example 17 from 
diethyl N-thymin-l-yl.acetyl.N-(2-hydroxy) ethyl- amino- 
methanephosphonate (Example 10) and N-thymin-l-yl-acetyl-N- 
(4-methoxytriphenylmethoxy) ethylarainomethanephosphonic acid 
monophenyl ester (triethyl ammonium salt) (Example 12) . To 
purify the product, it was chromatographed on silica gel 
(EA/methanol/TEA 93:7:2). Yield: 58%. 
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MS (FAB): 1051.4 (M+Na)*; 1029,5 (M+H) ^ 'H-NMR (200MHz, 
DMSO, TMS) Characteristic signals are: Ar-H & thyraine-H: 
6.82-7.53 (m, 21H) ; CO-CHj: 4.52-4.82 (m, 4H) ; thymine-CHj: 
1.62-1.80 (m, 6H) . 

20) Di(4-nitrophenylethyl) N-thytnin-l-yl-acetyl-N- (2- 
hydroxyethyl ) aminoroethanephosponate 

The synthesis was carried out analogously to Example 4 from 
di (2- (p-nitrophenyl) ethyl) N-thymin-l-yl-acetyl-N- (4- 
methoxytriphenylmethoxy)ethylaminomethanephosphonate 
(Example 14) . To purify the product, it was chromatographed 
on silica gel (EA/methanol 90:10). Yield: 85%. 

MS (ES+) : 620.3 (M+H)*. ^H-NMR {500MH2, DMSO, TMS): 6 = 1.73 
(s, 3H, T-CHj) ; 2.97 (t, 4H, P-O-CHj-CHj-Ar) ; 3,41 (ra, 2H, N- 
CHj); 3.59 (m, 2H, CHj-OH) ; 3.83 (d, 2H, J = llHz; P-jCHj) ; 
4.08-4.30 (m, 4H, P-O-CHj) ; 4.54 & 4.78 (in each case s, 
broad, 2H, CO-CH2) ; 4.99 (t,lH, OH); 7.14-8.19 (m, 9H, Ar-H, 
thymidinyl-H) ; 11.30 (s, broad, IH, NH) . 

21) 5'-MMTr-T-P(ONPE)-T-P(0-ethyl)2 

The synthesis was carried out analogously to Example 17 from 
diethyl N-thymin-l-yl-acetyl-N- ( 2 -hydroxy) ethyl - 
aminomethanephofiphonate (Example 10) and N-thymin-l-yl- 
acetyl-N- (4-methoxytriphenylinethoxy) ethylamino- 
methanephosphonic acid 4-nitrophenylethyl monoester 

(triethylammonium salt) (Exanqple 15) . Instead of TSNT, 
3-nitro-l- (2,4, 6-triisopropylphenylsulfonyl) -lH-1, 2,4- 
triazole (TIPSNT) was employed for the coupling. To purify 
the product, it was chromatographed on silica gel 

(EA/methanol/TBA 95:5:2, then 90:10:2). Yield: > 90%. 

MS (ES+) : 1109.0 (M+Li)*. ^H-NMR (200MHz, DMSO, TMS) 
Characteristic signals are: Ar-H & thymine-H: 6.82-8.18 (m. 
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20H); CO-CHj: 4.51-4.76 (m, 4H) ; thyraine-CHj : 1.61-1.78 (m, 
6H) . 

22) 5 ' -MMTr-T-P(ONPE) -T-P(OEt) j 

The synthesis was carried out analogously to Example 21 from 
diethyl N- thymin-l-yl -ace tyl-N- (2 -hydroxy) ethyl - 
aminomethanephosphonate (Example 10) and N-thymin-l-yl- 
acetyl-N- (4-methoxytriphenylmethoxy) - 
ethylaminomethanephosphonic acid 4-nitrophenylethyl 
monoester (triethylammonium salt) (Example 15) . Instead of 
TSNT, 3-nitro-l- (2,4,6- triisopropylphenylsulfonyl) -lH-1,2,4- 
triazole (TIPSNT) was employed for the coupling. Yield: > 
90%. 

For spectroscopic data see Example 21. 

23 ) 5 • -HO-T-P(ONPE) -T-P (OEt) 3 

Synthesis was carried out analogously to Example 4 from "5'- 
MMTr-T-P(ONPE) -T-P(0Et)2" (Example 22). To purify the 
product, it was chromatographed on silica gel (EA/methan- 
ol/TEA 90:10:2, then 80:20:2). The yield was 75%. 

MS (ES+) : 836.3 (M+Li)*. ^H-NMR (200MHz, DMSO, TMS) 
Characteristic signals are: Ar-H & thymine-H: 7.11-8.22 (m, 
6H) ; CX)-CH2: 4.55-4.77 (m, 4H) ; thymine-CHj: 1.71 (s, broad, 
6H) . 

24) 5'-H0-T-P(0H)-T-P(0-ethyl)j 

10 mg (0.012inmol) of "5 ' -HO-T-P(ONPB) -T-P{OEt) (Example 
23) were dissolved in 1 ml of a 0.5M solution of DBU in 
pyridine and stirred first at 40C for 24 h, then at room 
temperature for 24 h. The solvent was evaporated in vacuo, 
and the residue was digested twice with pentane, then twice 
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with ether, then to purify the product it was 
chromatographed on silica gel (EA/methanol/TEA 9:1:0.2, then 
70:30:2, then 60:40:2). Yield: 10.2 mg. 

MS (FAB): 725.3 (M + 2Na-H)*; 703.3 (M+Na)*. ^H-NMR (200MHz, 
DMSO, TMS) Characteristic signals are: thymine-H: 7.15-7.70 

(m, 2H) ; CO-CH^: 4.67-4.92 (m, 4H) ; thymine-CH, : 1.67-1.81 

(m, 6H) . 

25) 5* -MMTr-T-P(ONPE) -T-P(ONPE) -T-PCOEt), 

The synthesis was carried out analogously to Example 17 from 
"5'-HO-T-P(ONPE)-T-P(OEt)3" (Example 22) and N-thymln-l-yl- 
acetyl-N- (4-methoxytriphenylmethoxy) - 
ethylaminomethanephosphonic acid 4-nitrophenylethyl 
monoester (triethylammoniura salt) (Example 15) with addition 
of 1.5 eq (based on Example 23) of 4-raethoxypyridine-N- 
oxide. To purify the product, it was chromatographed on 
silica gel (EA/methanol/TEA 90:10:2, then 85:15:2). Yield: 
61%. 

MS (ES+) : 1555.8 (M+H)*. ^H-NMR (200MHz, DMSO, TMS) 
Characteristic signals are: Ar-H & thyraine-H: 6.83-8.20 (m, 
25H) ; CO-CHa: 4.52-4.75 (m, 6H) ; thymine-CH,: 1.61-1,78 (m, 
9H) . 

26) 5'-H0-T-P-(0NPE)-T-P(0NPE) -T-P(OEt)2 

The synthesis was carried out analogously to Example 4 from 
•'5*-Mm'r-T-P(ONPE)-T-P(ONPE)-T-P(OEt)2« (Example 25). To 
purify the product, it was chromatographed on silica gel 
(EA/methanol/TEA 70:30:2), The yield was 89%. 

MS (ES+) : 1283.1 (M+H)'; 1305.0 (M+Na^) . 

27) 5'-MMTr-T-P(0NPE) -T-P(ONPE) -T-P{ONPE) -T-P(0Et)3 
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The synthesis was carried out analogously to Example 17 from 
"5'-H0-T-P- (ONPE) -T-P(ONPE) -T-P(0Et)2" (Example 26) and 
thymin-l-yl -acetyl -N- (4-methoxytriphenylmethoxy) - 
ethylaminomethanephosphonic acid 4-nitrophenylethyl 
monoester {triethyl ammonium salt) (Example 15) with addition 
of 1.5 eq (based on Example 23) of 4-methoxypyridine-N- 
oxide. To purify the product, it was chromatographed on 
silica gel (EA/methanol/TEA 90:10:2, then 80:20:2). Yield: 
15%. 

MS (ES+) ; 2007 (M+H)*; 2029 (M+Na)*. ^H-NMR {200MHz, DMSO, 
TMS) Characteristic signals are: Ar-H & thymine-H: 6.79-8.21 
(ra, 30H) ; CO-CHj: 4.53-4.87 (m, 8H) ; thymine-CHj: 1.58-1.89 
(m, 12H) . 

28) 5» -HO-T-P(ONPE) -T-P(ONPE) -T-P (ONPE) -T-P (OEt) 3 

The synthesis was carried out analogously to Example 4 from 
"5' -MMTr-T-P(ONPE) -T-P(ONPE) -T-P(ONPE) -T-P(0Et)2" (Example 
27). To purify, the product, it was chromatographed on silica 
gel (EA/methanol/TEA 70:30:2). The yield was 55%. 

MS (FAB): 1735 (M+H)*; 1757 (M+Na)*. 

29) 5' -MMTr-T-P(ONPE) -T-P(ONPE)a 

The synthesis was carried out analogously to Example 17 from 
di (4-nitrophenylethyl) N-thymin-l-yl-acetyl-N- (2- 
hydroxyethyl) aminoroethanephosponate (Example 20) and N- 
thymin-l-yl- acetyl -N- (4-methoxytriphenylmethoxy) ethyl- 
aminomethanephosphonic acid 4-nitrophenyiethyl monoester 
(triethylammonium salt) (Example 15) . To purify the product, 
it was chromatographed on silica gel (EA/methanol/TEA 
100:10:1, then 90:10:1). Yield: 87%. 
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MS (FAB): 1356.2 (M 4- 2Li-H)*. 'H-NMR (200MHz, DMSO, TMS) 
Characteristic signals are: Ar-H & thymine -H: 6.82-8.18 (m, 
28H); CO-CHa: 4,50-4.71 (m, 4H) ; thymine-CHj : 1.59-1.78 (m. 
6H) . 



30) 5»-H0-T-P{0NPE) -T-P(0NPE)2 

The synthesis was carried out analogously to Example 4 from 
"5'-MMTr-T-P(0NPB)-T-P(0NPE)j" (Example 29). To purify the 

product, it was chromatographed on silica gel 
(EA/methanol/TEA 85:15:1, then 80:20:1). The yield was 78%. 

MS (ES+) : 1072.7 (M+H)*. ^H-NMR (200MHz, DMSO, TMS) 
Characteristic signals are: Ar-H & thymine-H: 7.08-8.20 (m, 
14H) ; CO-CHj: 4.52-4.80 (m, 4H) ; thymine-CHji 1.70 (s, 
broad, 6H) . 

31) 5 • -MMTr-C*"-P (ONPE) -C^-P (ONPE) -C*"-P (ONPE) ^ 

The synthesis was carried out analogously to Example 17 from 
N- (N*- anisoyl ) cytosin- 1 -yl - acetyl -N- (4 -methoxytri - 
phenylmeth6xy)ethylaminomethanephosphonic acid 2-(p- 
nitrophenyl) ethyl monoester (triethylammonium salt) (Example 
3) and "5 • -HO-C*»-P(ONPE) -C*"-P (ONPE) (Example 6). To purify 
the product, it was chromatographed on silica gel 
(EA/methanol/TEA 80:19:1). Yield: 66%. 

MS (FAB): 2155 (M+H) \- 2161 (M+Li)\- 2177 (M+Na)*. 

32) 5 • -HO-C^-P (ONPE) -C*"-P (ONPE) -C*"-P (ONPE) a 

The synthesis was carried out analogously to Example 4 from 
"5»-MMTr-C*«-P(0NPE)-C*"-P(0NPE)-C::*^-P(0NPE)a'' (Example 31). 
To purify the product, it was chromatographed on silica gel 
(EA/methanol/TEA 85:15:1, then 80:20:1). The yield was 70%. 
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MS (FAB): 1882 (M+H)-; 1904 (M+Na)\ 

33) Allyl 2-(p-nitrophenyl)ethyl N- (N-'-anisoyl) cytosin-l-yl- 
acetyl-N- (4-iiiethoxytriphenylmethoxy) ethylaminomethane- 
phosphonate 

The synthesis was carried out analogously to Example 17 from 
N- (N*-anisoyl) cytosin-l-yl -acetyl -N- (4-methoxytri- 
phenylmethoxy)ethylaminoraethanephosphonic acid 2- (p- 
nitrophenyl) ethyl raonoester (triethylamraoniura salt) (Example 
3) and allyl alcohol. To purify the product, it was 
chromatographed on silica gel (EA/methanol/TEA 95:5:1). 

MS (ES-h): 902.1 (M+H)*; 924.1 (M+Na)*. ^H-NMR (200MHz, DMSO, 
TMS) : fi = 2.94-3.70 (m, 8H, P-0-CH,-CH,-Ar ■•- MMTr-O-CH, + N- 
CHj + P-CHj); 3.75 (s, 3H, OCH,) / 3.86 (s, 3H, OCH3) ; 4.10- 
4.60 (m, 4H, P-O-CH,) ; 4.79 & 4.84 (in each case s. broad, 
2H, CO-CH,); 5.09-5.39 (m, 2H, H,C = CH-) ; 5.71-6.00 (m, IH. 
HaC-CH-); 6.83-8.19 (ra, 24H, Ar-H, cytosinyl-H) ; 11.03 (s, 
broad, IH, NH) . 

34) Allyl 2-(p-nitrophenyl)ethyl N- (N*-anisoyl)cytosin-l-yl- 
acetyl-N- (2 -hydroxy) ethylaminoinethanephosphonate 

The synthesis was carried out analogously to Example 4 from 
allyl 2-(p-nitrophenyl)ethyl N- (N«-anisoyl) cytosin-l-yl - 
acetyl -N- (4-methoxytriphenylmethoxy) ethylaminoraethane- 
phosphonate (Example 33) . To purify the product, it was 
chromatographed on silica gel (EA/methanol/TEA 94:5:1). The 
yield was 83%. 

MS (ES+): 630.2 (M+H)-. »H-NMR {200MHz, DMSO, IMS) : 6 = 3.02 
(t, 2H, P-0-CHj-j2l2-Ar) ; 3.37-3.72 (ro, 4H, HO-CHj-CH,) ; 3.86 
(s, 3H, OCH,); 3.91 (d, J - 11 Hz, 2H, P-CH,) ; 4.22 (dt, 2H. 
P-0-CH,-CH,-Ar) ; 4.40 (dd, 2H, 0-CH,-CH=CH,) ; 4.78 & 501 (m.' 
2H, CO-CH,); 5.11-5.33 (ra, 2H, H,C = CH-) ; 5.71-6.00 (m, IH 
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HjC = CH-); €.99-8.21 (m, 14H, Ar-H, cytosinyl-H) ; 11.03 (s, 
broad, IH, NH) . 

35) Ally! 2- (p-ni trophenyl) ethyl N-thyrain-l-yl -acetyl -N- (4- 
raethoxytriphenylmethoxy)ethylaminomethanephosphonate 

The synthesis was carried out analogously to Example 17 from 
N-thymin-l-yl-acetyl-N- (4-methoxytriphenylmethoxy) - 
ethylaminomethanephosphonic acid 4-nitrophenylethyl 
monoester (triethylammonium salt) (Example 15) and allyl 
alcohol. To purify the product, it was chromatographed on 
silica gel (EA/raethanol/TEA 97:3:2). The yield was 100%. 

MS (FAB): 805.3 (M+Na)^ 

36) Allyl 2- (p-nitrophenyl)ethyl N-thymin-l-yl-acetyl-N- (2- 
hydroxy) ethylaminomethanephosphonate 

Synthesis analogously to Example 4 from allyl 2-(p- 
nitrophenyl) ethyl N-thymin-l-yl-acetyl-N- (4-methoxytri- 
phenyimethoxy) ethylaminomethanephosphonate (Example 35) . To 
purify the product, it was chromatographed on silica gel 
(EA/methanol/TEA 90:10:2). The yield was 86%. 

MS (ES+) : 511.1 (M+H)* 

37) 5'-MMTr-T-P(0NPE)-T-P(0NPE) (0-allyl) 

Synthesis analogously to Example 17 from allyl 2-{p- 
nitrcphenyl) ethyl N-thymin-l-yl-acetyl-N- (2-hydroxy) - 
ethylaminomethanephosphonate (Example 36) and N-thymin-l-yl- 
acetyl-N- (4-methoxytriphenylmethoxy) ethylamino- 
methanephosphonic acid 4-nitrophenylethyl monoester 
(triethylammonium salt) (Example 15) . To purify the product, 
it was chromatographed oh silica gel (EA/methanol/TEA 
90:10:2) . Yield: 90%. 
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MS (FAB): 1257.3 (M+Na)». 

38) 5 • -MMTr-T-P(ONPE) -T-P(ONPE) -T-P(ONPE) -T-P(ONPE) -T- 
P(OEt)a 

Synthesis analogously to Example 17 from "5 ' -HO-T-P{ONPE) -T- 
P(ONPB)-T-P(ONPE)-T-P(OEt),» (Example 28) and N-thymin-l-yl- 
acetyl -N- (4 -methoxytriphenylmethoxy) ethyl- 
aminomethanephosphonic acid 4-nitrophenylethyl monoester 
(triethylammonium salt) (Example 15). To purify the product, 
it was chromatographed on silica gel (EA/methanol/TEA 
80:20:2) . Yield: 57%. 

MS (FAB): 2460 (M+H) 2482 (M+Na>*. 

39) 5'-HO-T-P(0NPE) -T-P (ONPE) -T-P (ONPE) -T-P (ONPE) -T-P (OEt) , 

Synthesis analogously to Example 4 from "5 • -MMTr-T-P (ONPE) - 
T-P(ONPE)-T-P(0NPE)-T-P(0NPE)-T-P(0Et)," (Example 38). To 
purify the product, it was chromatographed on silica gel 
(EA/methanol/TEA 70:30:2). The yield was 55%. 

MS (FAB) : 2209 (M+Na)*. 

40) 5'-H0-T-P(0H) -T-P(0H)-T-P(0H)-T-P(0H)-T-P(OEt)j 

4.0 rag (0.00183 mmol) of "5* -HO-T-P(ONPB) -T-P(ONPE) -T- 
P(ONPB)-T-P(ONPB)-T-P(OEt)," (Example 39) were dissolved in 

1.1 ml of a 0-5 molar solution of DBD in pyridine and 
stirred at room temperature for 24 h. The reaction mixture 
was evaporated in vacuo and the residue was stirred several 
times with toluene. The solvent was removed using a syringe, 
the residue was stirred again with pentane, and the solvent 
was removed again using a syringe. The product was dried in 
vacuo. The yield was 4mg of a strongly hygroscopic powder. 
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MS (ES-): 1589.7 (M-H*)'; 1611.8 (M+Na-2H)-. 

41) 5 • -MMTr-T-P (CNPE) -T-P (ONPE) -T-P(ONPE) -T-P (ONPE) -T- 
P{ONPE) -T-P(0Et)2 

a) Synthesis analogously to Example 17 from "5'-H0-T- 
P(ONPE) -T-P (ONPE) -T-P (ONPE) -T-P (ONPE) -T-P(OEt) j» (Example 
39) and N-thymin-l-yl-acetyl-N- (4-methoxytriphenylmethoxy) - 
ethylaminoraethanephosphonic acid 4-nitrophenylethyl 
monoester (triethylammonium salt) (Example 15) . To purify 
the product, it was chromatographed on silica gel 
(EA/methanol/TEA 80:20:2, then 70:30:2). 

MS (FAB): 2934 (M+Na)\ 2957 (M + 2Na-H) \ 2978 (M + 
3Na-2H)*. 

b) Synthesis analogously to Example 17 from "5'-H0-T- 
P{ONPE)-T-P(ONPE)-T-P(ONPE)-T-P(OEt)j- (Example 28) and "5-- 
MMTr-T-P (ONPE) -T-P (ONPE) (OH)" (Example 42). To purify the 
product, it was chromatographed on silica gel (EA/ 
methanol/TEA 80:20:2, then 70:30:2). The target fraction was 
evaporated in vacuo, then triturated with pentane and ether. 
MS as above. 

42) 5' -MMTr-T-P(ONPE) -T-P(ONPE) (OH) 

24.7 mg (0.02 mmol) of "5* -MMTr-T-P(ONPE) -T-P(ONPE) (O- 
allyl)* (Example 37) were dissolved in 2 ml of absol. DCM 
together with 16.2 rag (0.12 mmol) of diethylammonium 
hydrogencarbonate. At 15-20«C, a solution of 13.9 mg (0.012 
mmol) of tetrakis(triphenylphosphine) palladium (0) and 2.1 
mg (0.008 mmol) of triphenylphosphine in 2 ml of absol. DCM 
was added dropwise during the course of 2 min. The mixture 
was stirred at room temp, for 30 min. To purify the product, 
the reaction mixture was chromatographed on silica gel 
(EA/methanol/TEA 80:20:1, then 60:40:1). The product 
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fraction was evaporated in vacuo, and the residue was 
triturated with pentane, then with EA/ether, then again with 
pentane and dried in vacuo. 
Yield: 57%. 

MS (ES-) : 1193.6 (M-H) " . 

^H-NMR (200MHz, DMSO, TMS) : characteristic signals: 6 = 1.67 
& 1.72 (in each case s, 3H, T-CH3) ; 4.60 & 4.82 (in each 
case 3, 2H, CO-CHj) ; 6.83-8.19 (m, 24H, Ar-H, T-H) ; 

43) 5' -HO-T-P(ONPE) -T-P(ONPE) -T-P(ONPE) -T-P (ONPE) -T-P(ONPE) - 
T-P(OEt)j 

Synthesis analogously to Example 4 from "5 ' -MMTr-T-P (ONPE) - 
T-P(ONPE) -T-P(ONPE) -T-P(ONPE) -T-P(ONPE) -T-P(0Et)2" (Example 
41) . After reaction had taken place, the reaction mixture 
was concentrated, and the residue was coevaporated three 
times with toluene, then stirred, first with EA/ether, then 
with pentane. The residue was dried in vacuo. 

MS (FAB): 2662 (M+Na)*. 

44) 5'-H0-T-P(0NPE) -T-P(ONPE) (0-allyl) 

Synthesis analogously to Example 4 from 5* -MMTr-T-P(ONPE) -T- 
P(ONPB) (0-allyl) (Example 37). To purify the product, it was 
chromatographed on silica gel (EA/methanol/TEA 90:10:1, then 
80:20:1). The yield was 87%. 

MS (FAB): 963.0 (M+H)*; 985.1 (M+Na)*. 

45) 5'-M^frr-T-P(0NPB)-T-P(0NPE)-T-P(0NPE) (OH) 

a) 5' -MMTr-T-P(ONPE) -T-P(ONPE) -T-P(ONPE) (0-allyl) 
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Synthesis analogously to Example 17 from "5-HO-T-P(ONPE) -T- 
P(ONPE) (O-allyD- (Example 44) and N-thymin-l-yl-acetyl-N- 
(4-methoxytriphenylmethoxy) ethylaminomethanephosphonic acid 
4-nitrophenylethyl monoester (triethylammonium salt) 
(Example 15). To purify the product, it was chromatographed 
on silica gel (EA/methanol/TEA 90:10:1, then 85:15:1). 
Yield: 55% 

b) 5 • -MMTr-T-P (ONPE) -T-P (ONPE) -T-P (ONPE) (OH) 

-5' -MMTr-T-P(ONPE) -T-P (ONPE) -T-P (ONPE) (O-allyl) - (Example 
45a) was reacted with tetraJcis (triphenylphcaphine) palladium 

(0) as described in Example 42. To purify the product, it 
was chromatographed on silica gel (EA/methanol/TEA 80:20:2, 
then 70:30:2). The product fraction was evaporated in vacuo, 
and the residue was triturated with pentane and ether. 
Yield: 98*. 

MS (ES+; LiCl) : 1654.1 (M+LiO 

46) 5 • -MMTr-T-P (ONPE) -T-P (ONPE) -T-P (ONPE) -T-P (OEt) , 

Synthesis analogously to Exan^le 17 from diethyl N-thymin-l- 

yl-acetyl-N- (2-hydroxy) ethylaminomethane- phosphonate 
(Example 10) and "5 '-MMTr-T-P (ONPE) -T-P (ONPE) -T-P (ONPE) (OH) " 
(Example 45b) . To purify the product, it was chromatographed 

on silica gel (EA/methanol/TEA 90:10:2, then 80:20:2). 

Working up, purification and characterization as in Example 

27. . 

47) 5 • -MMTr-T-P (ONPE) -T-P (ONPE) -T-P (ONPE) -T-P (ONPE) -T- 
P(ONPE) -T-P (OEt), 

Synthesis analogously to Example 17 from "5* -HO-T-P- (ONPE) - 
T-P (ONPE) -T-P (OEt)," (Example 26) and -5' -MMTr-T-P (ONPE) -T- 
P(ONPE)-T-P(ONPB) (0H)» (Example 45b): To purify the product. 
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it was chromatographed on isilica gel (EA/ methanol /TEA 
80:20:2). The product fraction waa evaporated in vacuo, 
coevaporated with toluene and purified by preparative HPLC 
(high-pressure liquid chromatography) : RP8 LiChrospher 60, 
water/acetonitrile/ : 1:1; 0.1% ammonium acetate; 1 ml/min. 
Rf = 12.97 min, 

48 ) 5 • -HO-T-P (OH) -T-P (OH) -T-P (OH) -T-P (OH) -T-P- (OH) -T- P (OEt ) ^ 

a) 5' -HO-T-P(ONPE)-T-P(ONPE) -T-P(ONPE) -T-P(ONPE) -T-P(ONPE) - 
T-P(0Et)2 

Synthesis analogously to Example 4 from "5 ' -MMTr-T-P(ONPE) - 
T-P(ONPE) -T-P(ONPE) -T-P{ONPE) -T-P(ONPB) -T-P(0Et)2" (Example 
47) . To purify the product, it was chromatographed on silica 
gel (EA/methanol/TEA 70:30:2, then 60:40:2). The product 
fraction was evaporated in vacuo, and the residue was 
stirred, first with pentane, then with ether, and dried in 
vacuo. Yield: 100%. 

MS (FAB): 2662 (M+Na)*, 2684 (M + 2Na-H)% 2706 (M + 
3Na-2H)*. 

b) 5' -HO-T-P(OH) -T-P(OH) -T-P{OH) -T-P(OH) -T-P- (OH) -T-P(OEt) j 

" 5 ' -HO-T- P (ONPE) -T-P (ONPE) -T-P (ONPE) -T-P (ONPE) -T-P (ONPE) -T- 
P(0Et)2" (Example 48a) was reacted with DBU and worked up 
analogously to Example 40. 

MS (ES-) : 1892 (M-H") ; 1915 (M+Na-2H)-. 

49) 5 »MMTr-T-P (ONPE) -T-P (ONPE) -T-P (ONPE) -T-P (ONPE) -T- 
P (ONPE) -T-P- (ONPE) -T-P (OEt) 2 

Synthesis analogously to Example 17 from "5 • -HO-T-P (ONPE) -T- 
P (ONPE) -T-P (ONPE) -T-P (OEt) j" (Example 28) and "5»-MMTr-T- 
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P{ONPE) -T-P(ONPE) -T-P(ONPE) (OH) " (Example 45b). To purify 
the product, it was chroma tographed on silica gel 
(EA/methanol/TEA 80:20:2, then 70:30:2). The product 
fraction was evaporated in vacuo, coevaporated with toluene 
5 and purified by preparative HPLC: RP8 LiChrospher 60, 

water/acetonitrile: 1:1; 0.1% ammonium acetate; 1 ml/min. 
= 15.24 min. 



MS (FAB): 3386 (M+Na)*, 3409 (M + 2Na-H)*, 

10 

50) 5* -HO-T-P(ONPE) -T-P(ONPE) -T-P(ONPB) -T-P(ONPE) -T-P{ONPE) - 
T-P(0NPE)-T-P(0Bt)2 

Synthesis analogously to Example 4 from "5 'MMTr-T-P (ONPE) -T- 
15 P(ONPE) -T-P(ONPE) -T-P(ONPE) -T-P(ONPE) -T-P- (ONPE) -T-P(0Et)2" 

(Example 49) . To purify the product, it was evaporated in 
vacuo and coevaporated three times with toluene, and the 
residue was stirred, first with pentane, then with ether, 
cuid dried in vacuo. Yield: > 90%. 

20 

MS (FAB) : 3114 (M+Na)* 

51) 5 • -HO-T^P (OH) -T-P (OH) -T-P (OH) -T-P (OH) -T-P- (OH) -T-P (OH) - 
T-P(0Et)2 

25 

"5' -HO-T-P(ONPE) -T-P(ONPE) -T-P(ONPB) -T-P{ONPE) -T-P(ONPE) -T- 
P(0NPE)-T-P(0Et)3" (Example 50) was reacted with DBU and 
worked up analogously to Example 40. 

30 MS (ES-): 2196 (M-H*)"; 2218 (M + Na-2H)-. 

52) 5 • -MMTr-T-P (ONPE) -T-P (ONPE) -T-P (ONPE) -T-P (ONPE) -T- 
P (ONPE) -T-P- (ONPE) -T-P (ONPE) -T-P- (ONPE) -T-P (OEt) j 

35 Synthesis analogously to Example 17 from "5 • -HO-T-P{ONPE) -T- 

P (ONPE) -T-P (ONPE) -T-P (ONPE) -T-P (ONPE) -T-P (OEt) (Example 
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48a) and "5* -MMTr-T-P(ONPE) -T-P(ONPE) -T-P(ONPB) (OH) " 
(Exanqole 45b) . To purify the product, it was chromatographed 
on silica gel (EA/methanol/TEA 70:30:2, then 60:40:2). The 
product fraction was evaporated in vacuo, coevaporated with 
5 toluene and purified by preparative HPLC: RP8 LiChrospher 

60, water/acetonitrile : 1:1; o.l% ammonium acetate; 1 
ml/rain. R, = 23.95 min. 

53 ) 5 • -HO-T- P (OH) -T-P (OH) -T-P (OH) -T-P (OH) -T-P- (OH) -T-P (OH) - 
10 T-P- (OH) -T-P (OH) -T-P (OEt), 

a) 5'-HO-T-P(ONPE) -T-P(ONPE) -T-P{ONPE) -T-P(ONPE) -T-P(ONPE) - 
T-P{ONPE) -T-P(ONPE) -T-P{ONPE) -T-P(OEt) j 

15 Synthesis analogously to Exan^le 4 from "5 • -MMTr-T-P(ONPE) - 

T-P(ONPE) -T-P(ONPE) -T-P(ONPE) -T-P(ONPE) -T-P- (ONPE) -T- 
P(ONPE)-T-P-{ONPE)-T-P(OEt)j" (Example 52). To purify the 
product, it was evaporated in vacuo and coevaporated three 
times with toluene, and the residue was stirred, first with 

20 pentane, then with ether, and dried in vacuo. Yield: > 90%. 

b) 5' -HO-T-P(OH) -T-P (OH) -T-P (OH) -T-P (OH) -T-P- (OH) -T-P (OH) -T- 
P- (OH) -T-P (OH) -T-P (OEt) , 

25 "5" -HO-T- P (ONPE) -T-P (ONPE) -T-P (ONPE) -T-P (ONPE) -T-P (ONPE) -T- 

P(ONPB)-T-P(dNPE) -T-P (ONPE) -T-P (OEt)," (Example 53a) was 
reacted with DBU and worJced up analogously to Example 40. 

MS (ES-): 2802 (M-H*)-; 2825 (M + Na-2H)-. 

30 

54) Di(2-(p-nitrophenyl)ethyl) 2- (N' -tert-butoxycarbonyl- 
amino) ethylaminomethanephosphonate 

a) l-Methylimino-2- (N ' -tert-butoxycarbonylamino) ethane 
35 (trimer) 
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2.0 g (12.5 mmol) of 2-araino-l- (N' -tert-butoxycarbonyl- 
araino) ethane, dissolved in 8 ml of methanol, were treated 
with ice cooling with 1.52 ml (18.72 mmol) of 37% form- 
aldehyde and the mixture was stirred at room temp, for 1 h. 
The residue was taken up in EA, washed twice with saturated 
NaHCX>3 solution, then with NaCl solution, dried, filtered 
and evaporated in vacuo. To purify the product, it was 
chromatographed on silica gel (EA/TEA 100:0.2, then 
EA/methanol/TEA 90:10:0.2). The yield was 0.8 g. 

MS (FAB/LiCl) 523.4 (M + 2Li-H)». »H-NMR (200MHz, DMSO, 
TMS): 6 = 1.38 (a, 27H, tBu-H) ; 2.40 (t, 6H, N-CH,) ; 2.99 
(t, 6H, N-CH,); 3.25.{t, 6H, M-CH,) ; 6.81 (t, broad, 3H, 
NH) . 

b) 2-Di{2-(p-nitrophenyl)ethyl) 2- (N* -tert-butoxycarbonyl- 
amino)ethyleuninomethanephosphonate 

l-Methyliraino-2- (N* -tert-butoxycarbonylamino) ethane (trimer) 
20 (Example 54a) was reacted with di (2- (4-nitrophenyl) ethyl) 

phosphite (Exanqple le) analogously to Example If. To purify 
the product, it was chromatographed on silica gel (first 
toluene/EA/TEA 20:80:0.2; then EA/TEA 100:0.2, then 
EA/methanol/TEA 0.5:5:0.2). Yield: 25%. 

25 

MS(ES+/LiCl) 553.3 (M+H) % 559.3 M+Li)\ ^H-NMR (200MH2, 
DMSO, TMS): 6 = 1.37 (s, 9H, tBu-H) ; 2.83 (d, J=12Hz, 2H. 
P-CH,); 2.55 (t, 4H, Ar-CH,) ; 2.90-3.09 (m, 4H, N-CH,- CH,- 
N); 4.16 (dt, 4H, PO-CH,) ; 7.52 & 8.15 (in each case d, 8H, 
30 Ar-H) . 

55) Di- (2- (p-nitrophenyl)ethyl N-thymin-l-yl-acetyl-N- (2-N' - 
tert -butoxycarbonyl amino) ethylcuninomethanephosponate 

35 Synthesis analogously to Example 8 from di (2- (p-nitro- 

phenyl) ethyl ) 2- (N- -tert-butoxycarbonylamino) ethylamino-m- 
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ethanephosphonate (Example 54b) and thymidin-l-yl-acetic 
acid. 

Yield: 86V 

MS (FAB/LiCl) : 725.3 (M+Li)*. ^H-NMR (200MH2, DMSO, TMS) : 5 
= 1.42 (8, 9H/tBu-H); 1.91 (Sv 3H, T-CH3) ; 2.99-3.58 (m, 
8H, P-O-CH^-CHj-Ar & N-CH,-CH,-N) ;3 . 75 (d, .Joi2Hz, 2H, P-CH^) ; 
4.06-4.38 (m, 4H, PO-CH^) ; 7,37 & 8.15 (in each case d, 8H, 
Ar-H) . 

56) Interaction with DNA: UV melting curve 



The interaction of the compounds according to the invention 
with complementary nucleic acids was demonstrated by way of 

^5 example by the recording of the UV melting curve of "5'-H0- 

T-P(OH) -T-P(OH) -T-P(OH) -T-P(OH) -T-P- (OH) -T-P(OH) -T-P- (OH) -T- 
P(0H)-T-P(0Et)2" (Example 53b) with (dA),. To do this, a 0.3 
OD of "5*-HO-T-P(OH)-T-P(OH)-T-P(OH)-T-P(OH)-T-P-(OH)-T- 
P(OH)-T-P-(OH)-T-P(OH)-T-P(OEt)j" and (dA), in each case was 

20 prepared in 1 ml of a buffer (1 M NaCl, 20 mM MgClj, 10 mM 

HEPES, pH 7.5) and the change in extinction at 260 nra was 
recorded as a function of the temperature (0 to 80*C) . The 
results can be seen in PIG 1. A T, value of about 23 was 
determined from the melting curve obtained. 



57) Interaction with DNA: gel shift experiment 



The interaction of the compounds according to the invention 
with complementary nucleic acids was demonstrated by way of 
example by the hybridization of "5' -HO-T-P(OH) -T-P(OH) -T- 
P(OH) -T-P(OH) -T-P- (OH) -T-P(OH) -T-P- (OH) -T-P(OH) -T-P(0Et)2« 
(Example 53b) with (dA), in a gel shift experiment. To do 
this, -5 '-H0-T-P (OH) -T-P (OH) -T-P (OH) -T-P (OH) -T-P- (OH) -T- 
P(OH)-T-P-(OH)-T-P(OH)-T-P(OEt)j" (Example 53b) and (dA)/ 
^5 were in each case applied on their own and mixed in the 

ratio 1:1, 1:2, 1:5 and 1:10 to a nondenatured 
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polyacryl amide gel (20%, running buffer l x TBE, lOmM MgClj) 
and the running behavior determined • The results can be seen 
in FIG. 2: (dA), runs faster than "5 ' -HO-T-P (OH) -T-P (OH) -T- 
P (OH) -T-P (OH) -T-P- (OH) -T-P (OH) -T-P- (OH) -T-P (OH) -T-P (OEt ) 
and in the 1:1 mixture both can only be seen weakly, instead 
a slower band is formed which corresponds to a complex 
between the two components. In the 2:1 mixture, (dA)^ can no 
longer be seen, instead the new band is all the more 
distinct. The same applies for the 5:1 or 10 rl mixture, in 
which additionally the distinct excess of "5 • -HO-T-P (OH) -T- 
P(OH) -T-P (OH) -T-P (OH) -T-P- (OH) -T-P (OH) -T-P- (OH) -t-P{OH) -T- 
P(0Et)2'' can be detected. 

58) 5'-MMTr-T-P(0NPE)-T-P{0Ethyl)2 [see also Example 21, 
alternative syntheses] 

a) 8.44 mg (10 /imol) of N-thymin-l-yl-acetyl-N- (4- 
methoxytriphenylmethoxy)ethylaminomethanephosphonic acid 4- 
nitrophenylethyl monoester (triethylammonium salt) (Exan¥)le 
15), 3.77 mg (10 ^imol) of diethyl N-thyrain-l-yl-acetyl-N- (2- 
hydroxy)ethylaminomethanephosphonate (Example 10) and 64.6 
mg (500 ^mol) of N-ethyldiisopropylamine (DIPEA) were 
dissolved in 0.3 ml of absol. DMP. 44.2 mg (100 /imol) of 
benzotriazolyloxy) tris (dimethylamino)phosphonium 
hexafluorophosphate (BOP) were added thereto. The mixture 
was stirred at room temp, for 24h. About 70% yield according 
to TLC (EA/methanol/TEA 100:20:2; = 0.5). 

b) Analogously to Example 58a, but using 30/imol of HATU (O- 
(7-a2abenzotria2ol-l-yl) -N,N,N» ,N' -tetramethyluronium 
hexafluorophosphate) instead of 100 fimol of BOP. About 65% 
yield according to TLC. 

59) 2-(p-Nitrophenyl)ethyl 5- - (3 • -levuloyl) thymidine N- 
thymin-l-yl-acetyl-N- (4-methoxytriphenylmethoxy) ethyl- 
aminomethcinephosphonate 
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Synthesis according to Example 17 from N-thymin-l-yl-acetyl- 
N- (4-methoxytriphenylmethoxy) ethylaminomethanephosphonic 
acid 4-nitrophenylethyl monoester (triethyl ammonium salt. 
Example 15) and 3 • -levuloyl thymidine. To purify the product, 
it was chromatographed on silica gel (DCM/methcUiol/TEA 
98:2:0.25). The yield was 46%. 

MS (FAB/LiCl) : 1071.4 (M+Li}^ 

60) N-Thymin-l-yl-acetyl-N- (4-methoxy- 
triphenylmethoxy) ethylaminomethanephosphonic acid 2-(p- 
nitrophenyl) ethyl 5 •-thymidine diester 

64 mg {0.06 mmol) of 2- (p-nitrophenyl) ethyl 5 • - (3 • -levuloyl 
thymidine N-thymin-l-yl-acetyl-N- {4-methoxytri- 
phenylmethoxy)ethylaminomethanephosphonate (Example 59) were 
dissolved in 0.5 ml of dioxane. 9 mg (0.23 mmol) of NaBH^ in 
0.12 ml of water were added and the mixture was stirred at 
room ten^erature for 20 min. The solvent was evaporated in 
vacuo, the residue was taken up in DCM, and the solution was 
extracted with water and dried. To purify the product, it 
was chromatographed on silica gel (DCM/methanol/TEA 
92:8:0.5). The yield was 72%. 

MS (FAB/LiCl): 973.4 (M+Li)*, 979.4 (M + 2Li-H)*, 985.4 (M + 
3Li-2H)\ 

61) N-Thymin-l-yl-acetyl-N- (4-methoxytriphenylmethoxy) - 
ethylaminomethanephosphonic acid 2- (p- (nitrophenyl)ethyl 5'- 
thymidin-3 » - (cyanoethyl-N,N-diisopropyl phosphoramidite) 

31 mg (0.032 mmol) of N-thymin-l-yl-acetyl-N- (4- 
methoxytriphenylmethoxy) ethylaminomethanephosphonic acid 2- 
(p-nitrophenyl) ethyl 5* -thymidine diester (Example 60) were 
coevaporated twice with absol. CHjCN and dissolved in 0.4 ml 
absol. THE. First 12.4 mg (0.096 mmol) of 
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diisopropylethylamine, then 9.8 mg (0.045 mmol) of 
cyanoethyl chlorodiisopropylphosphoramidite were added 
thereto. The mixture was stirred for 3h, filtered and 
evaporated in vacuo. The yield was 63%. 

MS (FAB/LiCl) : 1173.3 (M+Li) \ 1180.4 (M + 2Li-H)\ 1186.4 
(M + 3Li-2H)*. 

62) Di(2- (p-nitrophenyl)ethyl) N- [N9- (06-diphenylcarbatnoyl- 
N2-acetylguanine] acetyl-N- (4-raethoxytriphenyl- 

methoxy) ethylaminomethanephosponate 

Synthesis analogously to Example 2 from di (2- (p-nitro- 
phenyl) ethyl N- (4 -methpxytriphenylmethoxy) ethylamino- 
methanephosphonate (Example If) and 06-diphenylcarbaraoyl-N2- 
acetylguanineacetic acid. To purify the product, it was 
chromatographed on silica gel (EA/TEA 98:2), Yield: 87% 

MS (FAB/LiCl): 1154.8 (M+H) \ 1160.7 (M+Li)^ 

63) Di (2- (p-nitrophenyl) ethyl, N- [N9- (N4-anisoyladenine] - 
acetyl-N- (4-methoxytriphenylmethoxy) ethylaminomethane- 
phosponate 

Synthesis analogously to Example 2 from di (2- (p-nitro- 
phenyl) ethyl, N- (4-methoxytriphenylmethoxy) ethylamino- 
methanephosphonate (Exanq^le If) and N4 -ani soy 1 adenine- 
acetic acid. To purify the product, it was chromatographed 
on silica gel (DCM/methanol/TEA 95:4:1). Yield: 82%; MS 
(ES+) : 1035.7 (M+H)*. ^H-NMR (200MHz, DMSO, TMS) : 5 = 2.93 
(t, 4H, P-O-CHj-iaia-Ar) ; 3.09 (t, 2H, MMTr-O-dfe) ; 3.23-3.75 
(m, 4H, P-£Hj + N-CHa); 3.75 (s, 3H, OCH3) ; 3.87 (s, 3H, 
OCHj); 4.08 (dt, 4H, P-O-CHj) ; 5.28-5.42 (m, 2H, CO-CH^) ; 
6.81-8.20 (m, 28H, Ar-H, A-H) ; 11.00 (s broad, IH, NH) . 
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.54) N- [N9- (N4-Anisoyladenine] acetyl-N- {4.methoxytriphenylm- 
ethoxy)ethylaminomethcinephosphonic acid mono(2-(p- 
nitrophenyl) ethyl) ester 

Synthesis analogously to Example 3 from di (2- (p-nitro- 
phenyDethyl) N- [N9- (N4-anisoyladenine] acetyl -N- (4- 
methoxytriphenylmethoxy) ethylaminomethanephosponate (Example 
63) . To purify the product, it was chromatographed on silica 
gel (EA/raethanol/TEA 65:35:2). The yield was 52%. 

MS (FAB/LiCl): 874.3 (M + 2Li-H)*. 

65) Di(2-(p-nitrophenyl)ethyl) , N- thymin-l-yl -acetyl -N- (2- 
methoxy) ethyl aminomethanephosphonate 

Synthesis analogously to Example 2 from di (2- {p-nitro- 
phenyl) ethyl) N- (2-methoxy) ethylaminomethanephosphonate 

(prepared analogously to Example 1 starting from 2- 
methoxyethylamine by reaction with formaldehyde and di(2-(4- 
nitrophenyl) ethyl phosphite) and thymidin-l-yl -acetic acid. 
To purify the product, it was chromatographed on silica gel 

(BA/methanol 90:10). Yield: 64% 

MS (FAB/LiCl): 640.3 (M+Li)*. 

66) 5'-MMTr-C^-P(0NPE)-C*"-P(0NPE) (OAllyl) 

Synthesis analogously to Example 17 from N- (N*-anisoyl) - 
cytosin-l-yl -acetyl -N- (4 -methoxytriphenylmethoxy) ethyl - 
aminomethanephosphonic acid (2- (p -nitrophenyl) ethyl) 
monoester (triethylaramonium salt) (Example 3) and allyl 2- 
(p-nitrophenyl) ethyl N- (N«-anisoyl) cytosin-l-yl-acetyl-N- (2- 
hydroxy) ethylaminomethanephosphonate (Example 34). to purify 
the product, it was chromatographed on silica gel 
(EA/methanol/TEA 85:14:1). Yield: 36%. 



- 77 . 



2171589 



MS (FAB): 1474 (M+H) 1496 (M+Na)*. 

67] S'-HO-C*--P(ONPB)-C*°-P(ONPE) (OAllyl) 

Synthesis analogously to Example 4 from -5' -MMTr-C*"- 
P(ONPB)-C^.p{ONPE){OAllyl)" (Example 66). To purify the 
product, it was chromatographed on silica gel 
(EA/methanol/TEA 80:19:1). The yield was 55%. 

MS (FAB): 1201.3 (M+H)-, 1223.3 (M+Na)*. 

68) 5' -MMTr-C*"-P(0NPE)-C*».p(0NPE)-C*°-p(0MPB) (O-allyl) 

Synthesis analogously to Example 17 from N- (N*-ani8oyl) - 
cytosin-l-yl.acetyl.N-(4-raethoxytriphenylmethoxy)ethyl- 
aminotnethanephosphonic acid 2- (p-nitrophenyl) ethyl monoester 
(triethylammoniura salt) (Example 3) and 5 • -HO-C*"-P(0NPE) - 
C*"-P{ONPE) (OAllyl) (Example 67). To purify the product, it 
was chromatographed on silica gel (EA/methanol/TEA 80:20.1) 
Yield 58%. 



MS (FAB): 2046 (M+H) »; 2068 {M+Ma)\ 

69) 5 '.-.MMTr-C*"-? (ONPB) -C*"-P (ONPE) -C*"-P (ONPE) (OH) 

Synthesis analogously to Example 42 from 5'-MMTr-c*"- 
P(ONPE)-C--P{ONPE)-C*'-P(OIIPE) (O-allyl) (Example 68). To 
purify the product, it was chromatographed on silica gel 
(EA/methanol/TEA 60:38:2). Yield: 66%. 

MS (FAB): 2027 (M+Na)»; 2049 (M + 2Na-H)». 

70) 5' -MMTr-C?»-P (ONPE) -C*»-P (ONPE) -C*»-P (ONPE) -C*»-P (ONPE) -C«"- 
P(ONPE)-C*»-P(ONPE)j 



- 78 - 



2171589 



Synthesis analogously to Example 17 from "5 • -MMTr-C*"- 
P{ONPE)-C*"-P(ONPB)-C^-P(ONPE) (OH) " (Example 69) and "5'-H0- 
C*"-P(ONPE)-C*"-P(ONPE)-C^-P(ONPE)j'? (Example 32). To purify 
the product, it was chromatographed on silica gel 
(EA/methanol/TEA 70:30:2) . Yield: 58%. 

MS (FAB): 3892 (M+Na)*; 3914 (M + 2Na-H)*. 

71) 5 • -MMTr-T-P (ONPE) -T-P (ONPE) -T-P (ONPE) -C*"-P (ONPE) -C^- 
P (ONPE) -C^-P (ONPE) 2 

Synthesis analogously to Example 17 from "5' -MMTr-T-P(ONPE) - 
T-PfONPE)-T-P(ONPE) (OH)" (Example 45) and "5*-HO-C*«- 
P (ONPE) -C*"-P (ONPE) -C^-P (ONPE) 2- (Example 32). To purify the 
product, it was chromatographed on silica gel 
(EA/methanol/TEA 60:40:2). The product fraction was 
evaporated in vacuo and purified by preparative HPLC (high 
pressure liquid chromatography) : RP8 LiChrospher 60, 
water/acetonitrile: 1:1; 0.1% ammonium acetate; Iml/min) 
= 16.6 min 

MS (FAB): 3534 (M+Na)*; 3556 (M+2Na-H)*. 

72) 5'-MMTr-T-P(0H)-T-P(0H) -T-P (OH) -C*"-P (OH) -C*"-P(OH) -C^- 
P(0H)j 

Synthesis analogously to Example 40 from "5* -MMTr-T-P(ONPE) - 
T-P (ONPE) -T-P (ONPE) -C^-P (ONPE) -C*»-P (ONPE) -C?"-P (ONPE) (2 
mg) (Example 71) . 

MS (ES-) : 2466.4 (M-H) . 

73 ) 5 • -MMTr-T-P (OH) -T-P (OH) -T-P (OH) -C-P (OH) -C-P (OH) -C-P (6h) ^ 

About 1 mg of "5 ' -MMTr-T-P(OH) -T-P(OH) -T-P(OH) -C*°-P(OH) -C*"- 
P(0H)-C^-P(0H)2" (Example 72) was treated with 3 ml of 33% 
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aqueous NH^OH and stirred at room temperature for 24 h. The 
reaction mixture was evaporated in vacuo. Yield: about 0 6 
mg (19 OD) 

MS (ES-) : 2064.5 (M-H)'. 

74) 5- -HO-T-P(OH) -T-P(OH) -T.p(OH) -C-P(OH) -C-P(OH) -C-P(OH), 

8 OD of "5'-MMTr-T-P(OH)-T-P(OH)-T.p(OH)-G-P{0H)-C-P(0H)-C- 
P(OH)," (Example 73) were dissolved in 0.5 ml of water and 
added to a PolyPak™ (Glen Research, #60-1100-10) . The MMTr 
group was removed following the instructions of the 
manufacturer (Glen Research User Guide). Yield: about 0.35 
mg (11 OD) . 

MS (ES-) : 1792.6 (M-H)'. 

75) 5'-MMTr-C*»-P(ONPE)-C*»-P{0NPE)-C^-P(ONPE)-T-P(0NPE)-T- 
P (ONPE) -T-P (ONPE) , 

Synthesis analogously to Bxait^jle 17 from "5- -MMTr-C*»- 
P(ONPE)-C*--P(ONPE)-C*-.P(ONPE)(OH)- (Example 69) and "S'-HO- 
T-P- (ONPE) -T-P (ONPE) -T-P (OEt),- (Example 26). To purify the 
product, it was chromatographed on silica gel 
(EA/methanol/TEA 80:20:2, then 70:30:2). The product 
fraction was coevaporated with toluene, evaporated in vacuo 
and triturated with pentsme. Yield: 48%. 

MS (FAB): 3744 (M+Na)»; 3766 (M + 2Na-H)\ 
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8KQUSNCB LX8TXH0 

(1) OSHXJUa ZNTORlUTIOMt 

(ill) APPLICANTS 

(A) KAMXs Bo«ch0t AJttimgttsaXIschaft 

(B) 8TUR: - 

(C) CXTT: PruUfurt 
iX» PKDBRAL STATE t - 
II) COUNTRTt 0«rMny 
(P) POSTAL CODSt 65936 
(0) TXLSPBOHBx - 

(H) TSLSPAX: - 
<X) TXLSX: * 

(li) TXTLt OP APPLICATIOH: Pho0pbonoaonott«t«r nucleic acids. 
proc««0 for th«lr pr«parAtion# and tb«lr us« 

(ill) KUMBKR or SEQUKHCSSt 33 

(iv) COXPUm UADABLS PORM: 

(A) MXDXUM TTPI: Ploppy disk 

(B) COKPUTBRt XBM PC eooqpatibla 

(C) OPBRATXHO STSTBXs PC-DOS/KS-DOS 

(D) SOPTWARXt PatMtIn R«lMM tX.O. Version #1.25 
(IPO) 



(3) XNPORKATION POR BtQ XD NOt 1: 

(i) 8BQUKNCX CBARACTXRX8TXC8: 

(A) LXKOTBt 30 hmm9 pairs 

(B) TTPBc nuelsie acid 

(C) STRAMDBDHBSSt Bingla 
(O) TOPOLOCTt liaaar 

(ii) KOLBCOLB TYPSt DMA (ganomic) 

(iii) ANTISKMSBt yas 

(ix) PEATURRSs 

(A) NAMX/UTf axon 

(B) LOCATION: 1*.30 

(xi) 8BQ0RMCS DB8CRXPTXOH: 8BQ ID HO: 1: 
ACACCCAATT CTGAAAATOO 20 



(2) XNPORXATXOH POR 8BQ ID MOt 2x 

(1) SBQTTBHCB CHARACTSRXSTXCSt 
<A) LWOTHt 20 baaa pairs 
<B) TTPXt nuclaic acid 
<C) STRANDBDHSSS : singXa 
(D) TOPOLOOT: linaar 

(ii) XOLBCULB TTPBt DMA (ganooUc) 

(iii) ANTXSXHSBt yas 

(ix) PRATURBSs 

(A) KA«/XBT: axon 

(B) LOCATIONt 1..20 
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(xl» SBQX7XNCX DBSCRIPTION: SMQ XD NO: 2: 
XCGTCCCTOT TCOOOCOCCA 



(2> XKrOJaUTZW for SBQ XX> NO: 3: 

(1) 8ZQVWHCM CBXRACRRZSTZCS: 
(X) LXHOTBi 20 hmmm pairs 

(B) TTPIt nuclalc acid 

(C) STSUUIDDHSS8 1 singl* 
<D} TOPOLOOTx lintt^r 

(ii) MOLBCULS TYPB: DHA (gsnoadc) 

(ill) ANTXSBNSBt y«« 

(Ix) rSXTURBSt 

(A) RXMX/KBTt won 

(B) LOCATXOBt 1..28 

(xi) SBQUBHCB OBSCRIPTXOHt SBQ XD HO: 3: 
GTCGXCACCC AATTCTGXAX ATOGATAA 



<2) XKFORKATXON rOR SBQ XD NO: 4: 

(1) SBQUBHCB CHARACTBRX8TXC8S 
<A) LBMOTB: 25 ba«» pairs 
(B> TYPBs nucXaic acid 

(C) BTRANDBDNBSSt aingX* 

(D) TOPOIiOOr: linaar 

(ii) MOLBCULB TYPBs DNA (ganomie) 
(iii) AHTXSBNSBt yaa 

(ix) FBATORBS: 

(A) HAXB/KBY: axon 

(B) XXXUlTXONt 1..25 

(xi) 8BQ0BNCB DBSCRXPTXON: SBQ ID NO: 4: 
GCTATOTCOA CACCCAXTTC TGAAA 



(2) XNPORXATXOM POR SBQ XD NO: 5t 

( i ) 8BQ0BHC B CB ARACTBRXSTXCS t 

(A) lAfGTBs 2$ baaa paira 
<B> TYPBt nuclaie acid 
(C) STRAMDBDNBSSt aiagXa 
(D> TOPOIOOTi Xlnaar 

(ii) IIOX.BCUZ.B TYPBs DNA (ganomic) 

(iii) ANTXSBHSBt ya« 

(ix) PBATURBS: 

U) NAKB/KBYt axon 

(B) MCATZONt 1..26 
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(xi) 8IQXJIHCS DBSaaPTXON: SBQ ZD HO: 5 
CTCCCTOTCT CCOCTTCTTC TTCCTC 



<2) ZHPOMUTZOH POft BMQ ZD HOs €t 

(1) SBQOWCI CHAimCTSItZSTZCS: 
(X> LKH9THI 37 ba«« pairs 

(B) TTPSi nuelcle acid 

(C) 8TIU1IDXDMB8S: •iagl* 

(D) TOPOZiOOT: linear 

(ii) KOLICUU mS: DKA (g»oaic) 
(iii) AMTZ8KN8B: ym 

(ix) PBATDMSi 

(A) lUXB/OTs axon 

(B) tOCATZCm: 

(xi) BSguXMCK DB8CRZPTZ0lf: SBQ ZD HO: 6s 
OTCTCCCiCTT CTTCTTCCTO CCXXMO 



(3) ZHTORXATZOH FOR SBQ ZD HO: 7: 

(i) 8BQ0BMCB CHIUKACTXiaSTZCSt 
(X) LKH OTHt 30 basa pairs 

(B) TTPBt nuclaie acid 

(C) ST R JmPBPHBSBi singla 

(D) TOPOLOOTt Zinssr 

(ii) MOUCUU TYPBt mx (gsnonic) 
(iii) AHTZSBHSB: yaa 

(ix) PBATORBSt 

(A) HAKZ/UYt axon 

(B) LOCXTZOH: 1..30 

(xi) 8BQ0BHCB DBSCRXPTZOH: SBQ ZD KOt 7 s 
OCOOOGCTCC ATGOOGOTCG 



(2) ZHFOKJUTXOH POR SBQ ZD HOs 8t 

(i) SBQUBHCB CHARACTBRXSTZCS: 

(A) LKMGTRs 15 bass pairs 

(B) TYPBt nuclaie acid 

(C) STRAHDBDHBSSt siagl* 

(D) TOPOZiOOTt Xinaar 

(ii) MOLBCULB TYPBt DKA (gsnomic) 
(iii) AHTZSBHSB: yas 

(ix) PKATURBSt 

(A) KAKB/Uy: axon 

(B) ZiOCATZOHt 1..15 
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(xi) SBQOINCB DtSCSlIPTZOHt 8KQ ID HOt Si 
CAOCTOCMC CCMC 



(3) XKFOMUTZOll FOR BMQ tD MOx 9i 

(1) SMQXm a CH XIlACTKMSTICfl ; 

(A) IJER OTHt 21 bM« pair* 

(B) TTFBt BUOl*ie acid 
<C) STStAHDBDNXSSt •lagl« 
(D) TOPOLOOYi linasr 

(ii) MOLBCUU TTPBs DMA (gMaaic) 

<iii) XNTZSnStt ytt« 

(ix> rKXTDUBt 

(A) KAKB/KXTi ucon 
(B> LOCATZON: l.*ai 

(xi) SSQ9KNCB DBSOaPTIOHt 8BQ ZD NO: 9t 

OOCTdCTOOA OCOQOaCXCX C 



(3) ZHTORMATZON FOR 8BQ ZD HOt 10 1 

(i) SBQ01KCS CHARACTBRZSTZCSi 

(A) XJDfOTBt 15 bas« palra 

(B) TYPBt ttucl*ic acid 

(C) STRANDBDNBSSt singla 

(D) TOPOZOOTt linaar 

(ii) KOLBCniLB TTFBi DRA (ganomic) 
(iii) AMTZSXHSBt yaa 

(ix) PBATORBBt 

(A) HAKB/UTt axon 

(B) LOCATZONs 1..1S 

(xi) 8BQX7BHCS DBSCHZFTZONt 8BQ ZD NOt 10 1 
AACOTTOAGO OOCAT 



(3) ZHFORKATZOM POR 8BQ ZD HOt lit 

(i) BBQPBM CB CK ARACTBRZSTZCSt 

(A) ZAfOTBt It basa pairs 

(B) TYPBt nuclsic BCid 

(C) 8TRANDBD1IB88 1 singla 

(D) TCPOLOOTt linaar 

(ii) MOLBCOLS TTPBt DKA (gasomic) 
(iii) ANTZSBNSB: ymm 
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iix) WMXTXmSt 

(A) HMS/XST: MOa 
(B> LOCATXOHi I.. It 

(xi) SBQUmCS DBSC3t2FTX0Ht SSQ ID MO: IX: 

OTOCCGOOOT CTTCOOGC 



(2) IM70RIUTX0M FOR 6MQ ZD «0t 12: 

(i) SBQOnCB CKJUULCmiSTZCS: 

(A) X^OTBt 21 h^Bm pftira 

(B) TYPSt ottcl^ie »eid 

(C) STRAHDnmStt •iagitt 

(D) TOPOLOOTt lluar 

(ii) MOLBCOLB TTPBt DKA (ganoaie) 
(ill) ANTZSCNSSt yM 

<ix) rSATUMSi 

(A) mxs/UTi «xon 

(B) LOCATZOHt 1..2X 

(xi) SBOOBtCB PBSCRXFTZOHi 8SQ XD BOs 12: 
OGAQXACATC ATOOTCXZAAA O 



(2) XMrORKATXOH FOR 8BQ XO NOs 13 1 

(i) 8XQUBNCB CBABACTSRlSTICSt 

(A) uaiOTHt 22 h^»m pAirs 

(B) TTPBt nucleic acid 

(C) 8TRAMDDKB8SI •ingl* 
(D> TOPOLOOTs liMar 

(11) NOLXCULB rypXs DKA (gaaomic) 

(111) ANTXSXMSB: yM 

(ix) FBATORBS: 

(A) KAMB/XBTs MCOO 

(B) LOCATXOBt 1..22 

(xi) 8BQ0BMCB DBSCRXPTXCm: 8BQ XD ROs 19 1 
CCCQAGXACA TCATOOTCOA AG 



(2) XHrORMATXOB POR SBQ ZD NO: 14 1 

ii) BBQUXNCB CHARACTBRZSTZC8 : 

(A) LBKGTBt 20 hmmm pairs 

(B) TTPBt nuclaic acid 

(C) STRAMDBDHBSSt alngla 
(D> TOPOLOOTs linaar 

(ii) MOLBOTLB TTPBi DMA (gsnomie) 

(lii) ANTZSBM8B: yaa 



- 85 - 



2171589 



(ix) 



(A) HAXS/nY: •xon 

(B) LOCATION: 1*.30 



(xi) 



BSQUBHCS DXSCKIPTXOHx SMQ ID HO: 14 s 



OOGGAJUOCC COGCAAOOOO 



20 



(3) ZKPORNXTZON FOR SKQ ID NOt ISi 

(i) SBQOXNCS CBARACTXRZSTXCS s 

(A) LKNOTB: 20 hmmm pairs 

(B) TTPBi nuclttie ftcld 

(C) STRAHDBDHBSSs aingl* 

(D) TOPOLOGY t Xia»ar 

(11) ICOLBCULS TTFB: DNA (gsnoolc) 
(ill) AMTXflSHSBt ym 

(Ix) rSATUMSi 

(A) HAXB/KRt mon 

(B) LOCATXOH: X..30 

(xl) SSQUBMCS OBSCRXPTIOH: 8BQ ID ROt 15: 
CACCCOCCTT OOCCTCCCAC 2 0 



(2) XHPORXATZON FOR SBQ ID HOs 16 

(1) 8BQUBNCB CHARACTSIXSTXCS t 

(A) LXNGTBt IS bA«« pair* 

(B) TTPBt Duel sic acid 

(C) STRANDBZmBSSt siogla 

(D) TOPOLOOYt llnaar 

(11) KOLXCULB TTPB: DNS (ganoalc) 
(ill) ANTX8XNSB: ym 

(Ix) PBATDRBSz 

(A) NAMB/KXYt axon 

(B) LOCXnOUfi 1».XB 

(xl) SBQUZKCB DXSCRXPTXONt SBQ XD NOt 16: 
GGOACTCCGO CGCAGCOC IS 



(2) XNrORMATXOH POR SBQ XD NO: 17 

(1) 8BQUBNCB CBARACTBRXSTXCS s 

(A) LBNOTRi ao hM pairs 

(B) TTPB I nuclaie aold 

(C) STRAMDXDNBSS: BlngU 
(D> TOPOLOOT: llMar 

(11) MOLBCULB TTPB: DMA (ganomlc) 
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(ill) AHTISBNSli y«0 

(Ix) raXTURXSt 

(A) KXMS/KXT: 9X00 

(B) lOCXTlOHi I.»30 

(xi) 8SQ9KHCS DSSOamOHt SSQ ZD NO: 17s 
OOCXXACTTT CTTTTCCTCC 



i2) ZNFOSUUTION FOR SBQ ZD HO t IB 

(1) SBQUXRCS CRAMCTXRZ8TIC8: 
(X) UCKOTBs 19 hmmm p«lr* 

(B) TTPBt &ucl*le acid 

(C) SraAMDBDNBSBs singl* 

(D) TOPOLOOTs llMW 

<il) KOLBCULB mmt DHU (yMOaic) 
(ill) AHTZSKHSBt ymm 

(Ix) rsXTDRBSx 

(A) KAMB/KBTi moD 

(B) LOCATZOWt 1..19 

(xi) BBQDBMCX DBSCRZFTZOttt SBQ ZD HO: 19 1 
GGQAAOGAOO AGGATGAOO 



(3) XN70B1UTZ0H rOB SBQ ID MOi 1» 

(1) 8BQ0BKCB CBXRACTBRZ8TZCS: 

(A) LBHOTH: 21 humm p*ir« 

(B) TYFBi nucl«io acid 

(C) 8TBAMDBDNBS8» sl&gl* 

(D) TOPOLOOrt llDMr 

(11) MOLBCULB TTPB: DMA (gmooic) 
(lii) ANTZSBKSBt ym 

(ix) PBATDBBBs 

(A) KAXB/Bnt mxon 

(B) LOCATZONt 1..21 

(xi) SBQUBNCB DBSCHtZFTZOHt SBQ ZD HOi 19 1 
OGCAC^CATC CAGCTTCGGA O 



(2) ZNFORKATZOM FOR SBQ ZD NOs 20 

(i) 8BQUBNCB CBARACTBRZSTZCSt 

(A) LBNOTB: IS bM« p«irs 

(B) TYPBi nucleic acid 

(C) 8TRANDBDNBS8 t 0la9l* 

(D) TOPOLOOTi llMsr 



- 87 - 



(11) MOLSCDU TTPBi DHJl (g«noalc) 
(111) AKTXSBHSX: ym 
(Ix) rXXTUUSt 

(A) lun/nrt •xo& 

(B> LOCXrXOH: 
(xl) SBQtTBHCB DBSCRIPTICXNi 8BQ ZD MO: 20 
GCXGTAAGCX TCCATATC 



(3) IHTORMATZOH FOft SBQ ZD HO: 31 

(1) SBQUSHCB CHXRA(rmZ8TZCS: 

(A) LXK(3TBs 20 bfts# pair* 

(B) TTPSt oueX«le ftcld 

(C) STRAHDBDHBSSt slngl* 

(D) TOPOLOQTs linear 

(11) MOLXOJU nPS: DNX (««no>dc) 
(111) AKTXSKKSXt ym 

(Ix) FBATURXS: 

(A) MAMB/XXYi Mon 

(B) LOCATZON: 

(xl) 8BQUXNCS DXSCRXFTXON: SBQ ZD NOt 21 
CCCCCACCAC TTCCCCTCTC 



(3) ZOTORMATXON FOR 8SQ ZD HO: 23 

(1) 8BgUKH(3 CBXIlA(rrBRX8TXC8t 

(A) LXNOTBt 30 bat* pairs 

(B) TYPBx nucXalc acid 

(C) 8TRAMDBDMB88: alngXa 

(D) TOPOXiOCntt Xlnaar 

(11) KOLBCtrU TYPBs DKA (gauomlc) 
(111) AHrXSBNSBs ymm 

(Ix) rBATOMSs 

(A) KAMB/nYt axon 

(B) LOCATXOH: X.*20 

(xl) SBQtXmCE DBSCRXFTXON: SBQ ZD HO: 22 
CTCCCCCACC ACTTCCCCTC 



(3) ZN70RKATX0M PGR SBQ XD BOt 23 

(1) 8BQ9BHCB CHARACTBRXSTXCSt 

(A) LBHCTTRt 19 baaa pairs 

(B) mux nuclalc acid 

(C) STRAMDBDNBSS: alngla 
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(D) TOPOLOGY t linear 
(11) KOLBCOLt TTPB: DRX (ganoalc) 
(ill) JOmSXKSB: y«a 
(Ix) ruiTauflt 

(B) LOCATXOVt l.*19 
(xl) SMQXma OBSCRIPTIOlft 8BQ ID HO: 23 s 
GCTOOGAOCC ATJUXXSMG 



(2) INTORiaTXOII rOR MMQ ZD HOi 24 

(1) aiQDPI CB CH MtACTBRI STXCB t 
iX) LnOTBt 21 ba0» pairs 
W TYPBt nucl«lc acid 

(C) mANDBDNBSS: al&glft 

(D) TOPOXMYt llnaar 

111) MOLSCDLB TTVBt DIU (ganoailc) 
(111) AtfXXSBItSBi yas 

(lx> nXTOBBSt 

(A) lun/KBTi axoa 

(B) LOCATZOIfi 1..21 

(xl) 8BQUBHCB DBSCRIPTZOirt 8BQ XD HO: 24} 
ACTOCTOCCT CmTCTCXO O 



(2) XNrOSaUTXOH rOR SBQ XD HO: 25 

(1) BBQ0BHCB CHABXCTBBXSTXCBt 

(A) XAtOTHt 22 ba«a palra 

(B) TYPBt nuclalc acid 

(C) BTRAHDKDKBSB: alngla 
(O) TOFOLOOYt llaaar 

(11) VOXJKCULB TYPBt OHA (ganoadc) 

(111) AHTXBBHSBt yaa 

(Ix) PBATOBBSs 

(A) KAKB/KBY: axon 

(B) LpCATXOHt 1..22 

(xl) 8BQ0XNCB DBSCBZPTXOHs 8BQ XD HO: 25 1 
CAATCAATOA CTTCJUUSAOT TC 



(2) XHrOBXATZOH POR 8BQ XD HOl 2$ 

(1) 8BQUBKCB CHARACTBRZSTXCSs 
(A) LBHOTBz 19 baa a palra 
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(B) TTPSt nueXttie uid 

(C) SnuilDSDHBdSs ^Laglm 

(D) TOPOXiOOTi Xin«ar 

<ii) MOUCULX nrPB: DIU (9«D0(alc) 

(ill) AHTZSKHSBt ytts 

(ix) nXTUMSt 

(A> HAMB/XST: ma 

(B) LOCHTIOHt 1..19 

(xi) 8BQUXKCB DBSCRZPTZOM: SBQ ID KO: 2€t 
COtCCCTOTT COOOCOCCA 



(2) ZHrOSUUTZON FOR SBQ ZD MOt 37 

(1) SBQinmCB CUUUCTBRZSTICSi 

(A) LnroTBi 17 ba«# pftira 

(B) TYFBt auel«le acid 

(C) SnuOIDBDnBBt •lngX« 

(D) TOPOLOOTs XiaMr 

(li> MOLXCUX^ ryPBi DHA (gmoalc) 
(ill) AMTZSXHSBt ym 

(ix) rSATtmSBi 

(A) KAKB/KBT: won 

(B) liOCATZOirr X..17 

(xl) 8BQ0XHCB DBSCRZPTZOHt SBQ ZD HO; 37: 
GTOCCOOOOT CTTCOOO 



(3) ZHPO1OUTZ0N POR SBQ ZD HOt 38 

(1) 8BQDXHCB CHARACTBRX8TZC8 1 

(A) LBNOTBi 17 bM« p^lrs 

(B) 7YPB; aucX«ic acid 

(C) STRANDBDNBSSt pi&gl« 

(D) TOPOLOGY t linear 

(ii) MOtBCtrur nPB: DKA (g^naaaic) 
(iii) AH7ZSBK8XS ym 

(ix) PBATORBSi 

(A) KAKB/XXY: axon 

(B) LOCATZOHs 1..17 

(xi) SBQITKKCB DBSCRZPTZOHt SBQ ZD MOs 38: 
OOAOOATOCT QAOGAOO 

(3) ZHPORMATZOH FOR SBQ ZD HOx 29 
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(1) SSQUSHCI CBMkXCTERX8TXC8z 
(X) XiBIOTBt 14 bas« pairs 

(B) TTPKi Buelttic ACid 

(C) muutDKrasss t slagl* 
(D> TOPOLOOTt lin««r 

(11) XOUCOXiB TTPI: DKX (gsnoalc) 

(111) AimSBHSBs yM 

(Ix) PSXTinUBS: 

<A) MJUCS/nir: axon 
(B) LOCATIOM: 1..14 

(Xl) SBQ01HCB DBSCRIPTZOHt 8BQ ID HOi 39 

OCAGGXTOCT GAOQ 



(3) XMFOBIUTXOM FOR 8BQ XD HO: 30 

(1) 8BQUB1ICB CHAXACTBRXBTXCSt 
(X) LBKriBt 19 bA8« pairs 

(B) TTPBs Buclalc acid 

(C) 8TltXliDBDlfB88 1 alngla 

(D) TOroXiOOTt llaaar 

(11) MOUBCUZ^ TYPB: Xmx (ganoale) 

(111) XNTX8Bir8Bt yaa 

(Ix) PBXrUIUI8t 

(X) mMB/nTi axon 
(B> MCXTXONt 1..X9 

(xl) 8BQDBKCB DB8CllXPTX0Mt 8BQ XO HO: 30 

CACXSXOOXTO CTOXOOXOO 



(3) XNPORKXTXOM FOR 8BQ XO HO: 31 

(1) 8BQUBNCB CBAJUICTBRX8TXC8 : 
(X) LBKOTBt 15 baaa palra 
(B) TYFBt auelale acid 
CO 8TRXHDBDHB88: alngla 
(D) TOPOtOGTt llnaar 

(11) UOhBCUlM TYPB: DKX (gano&lc) 

(Hi) XHTXSBHSBt yaa 

(Ix) FBXTDllB8t 

(X> lOKB/ny: axon 
(B> LOCXTXOH: 1..15 

(xl) SBQUXMCB DBSCRXPTXOHt 8BQ XD HOs 31 

OGCTOCCXTQ GT(XX: 
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(2) IKFORMATION FOR BMQ IP HOt 33 

(i) 8BQUXHCB CHJUUiCTKRZSTZCS: 
(Jl) LKKOTBt ao baa* paira 

(B) TYPB: nucXaic acid 

(C) STIUNDSDMKSSs aingla 
(O) TOPOLOOTt llnaar 

(ii) UOLMCULM TTVS: DKA (ganoBic) 

(ill) AHTI8KNSS2 yaa 

(Ix) rBATDRSS: 

(A) nAMK/KKXt axon 

(B) LOCATIOH: 1..20 

(xi) SBQTTXNCS DBSCRXFTION: BMQ 10 HO: 32: 
TCXTOOTCTC CTTTOCAOCC 20 



(2) INFORMXTZOM POR 8BQ ZD HO: 33 

(1) 8B0OXKCS CHXIUCTBia8TZC8 : 

(A) LIKOTHt IB baaa paira 

(B) TTPBt nuelaie acid 

(C) 8TRAHDSDIIK8S I alngla 
(O) TOPOLOGTs llnaar 

(ii) MOLBCDUI TYPB: DKA (ganomic) 

(ili) AHTZBBHSBt yaa 

(ix) PBATORBBt 

(A) KAXB/JCnt axon 

(B) LOCATXOHt 1..Z0 

(xi) 8BQUXHCB DBBCRZPTZOHt 8BQ ZD NOi 33 1 
TCATGOTOTC CTTTOCAO 18 
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE 
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS: 
1. A compound of formula I 




n 



in which n is a number from zero to 100; 

B independently of one another is hydrogen, hydroxyl, 
(Ci-C2o)-alkyl, (Ci-C2o)-alkoxy, (Ci-C,o)-al]cylthio, 
(Cfi-Cjoj-aryl, (Cg-C^oj-aryl^CCi-Csj-alkyl, (C.-C^j-aryl- 
(C.-C,)-alkoxy, (C^-C„)-aryl-(Ci-CJ-alkylthio, an 
aromatic group or a heterocyclic group, wherein alkyl, 
aryl, aromatic or heterocyclic group is optionally 
substituted one or more times by hydroxyl, (Cj-C^)- 
alkoxy, -NR»R^°, -C(0)Oe, oxo, -C(0)OR% •C(0)NR»R^% 
-CN, -F, -CI, -Br, -NOj, (Cj-Cfi)-alkoxyalkyl, -S(0).R% 
-{Ci-Ce)-alkyl-S(0).R», -NHC ( »NH ) NHR« , -C(»Ne)NHR% 
-NR'C(=0)R% =NOR», NR'C(=O)0R", •OC{=0)NR*R^*> or 
-NR'C(-0)NR»R^°, 

B independently of one another is a natural nucleobase, 
an unnatural nucleobase or a reporter ligand; 

A-B is a D- or L-amino acid condensed on via the carboxyl 
group or peptides consisting of amino acids having a 
length of up to 5 amino acid residues, 

L independently of one another is N or R^N*, and 
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is hydrogen or (C,-Q)-alJcyl optionally substituted by 
hydroxyl, {C,-C,)-alkoxy, (C,-CJ-alkylthio or amino; 

independently of one another is a single bond, a 
methylene group or a group of formula Ila or lib; 



I 



I 

•c- 



/ 

C 



(Ila) 



(Mb) 



is =0, -S, -ce,, -C(CH,)j or =NR^ where R» is as defined 
above ; 



M is a single bond, -0-, -S- or -NR»-, where R> is as 
defined above; 

R^ and R* independently of one another are hydrogen, 

hydroxyl, (Ci-Cj)-alkoxy, (C,-Ce)-alkylthio, amino, 
halogen, or ( Cj-Cs) -alley 1 optionally substituted by 
hydroxyl, (Ci-Cj)-alkoxy or (Ci-Ce)-alkylthio; 

p and q independently of one another are zero to 5; 

r and s independently of one another are zero to 5; 

D and 6 each independently represent CR*R« which can be the 
same or different; 



R' and R' independently of one another are hydrogen, 

{Cj-C«)-alkyl, (C4-C,o)-aryl, (C,-C„)-aryl-(Ci-Cg)-alkyl, 
hydroxyl, (Ci-C«)-alkoxy, (Cj-CJ-alkylthio, wherein 
alkyl and aryl are optionally substituted by SR' or 
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NR»R»', where Ri is as defined above and R*" 
independently of R' has the same meaning as R'; 

X is -0-, -s- or -NR*-, in which R' is as defined above; 
Y is »0 or »S; 

Z is -0R% -NR'R" or X'Q", where X' is defined as X and 
Q" is defined as Q; 

R' is hydrogen, (Ci-Cje)-aUcyl, (C,-Ci,)-alkenyl, (C,-C,,)- 
alkynyl, (C«-C„)-aryl, (C,-C,j)-aryl-(C,-Cj)-alkyl, 
wherein alkyi is optionally substituted one or more 
times by hydroxyl, (C,-C,)-alkoxy, F, CI or Br and 
wherein aryl is optionally substituted 1-3 times by 
hydroxyl, (Ci-C, )-alkoxy, (Ci-CJ-alkyl, P, CI, Br, NOj, 
-NR'R", -C(0)Oe, -C(0)0-(Ci-CJ-alkyl or -C(0)NR'R"; 

R' and R" independently of one another are hydrogen, 
(C,-C„)-alkyl, (Cx-Ci,)-alkenyl, (Ct-C„)-alkynyl, 
(C6-C„)-aryl, (C«-C„)-aryl-(C,-Cj)-aikyl, where alkyl is 
optionally substituted one or more times by hydroxyl, 
(C,-C,)-alkoxy, F, CI or Br; or R» and R" form a 4 to 7- 
membered ring together with the N atom in -NR'R"; 

Q and Q' independently of one another are hydrogen, R», 

modified or unmodified oligonucleotides or conjugates 
which a) favorably affect the properties of antisense 
oligonucleotides, b) affect the properties of triple 
helix-foming oligonucleotides c) serve as a label of a 
DMA probe, or d) during the hybridization of vhe 
oligonucleotide analog to the target nucleic acid, 
attack the target nucleic acid with binding or cross- 
linking; or Q and Q* alone or together are a single 
bond in a cyclic molecule; or Q and Q'., when neither is 
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hydrogen, can be linked together to foriA a cyclic 
molecule. 



2- A compound of formula I as claimed in claim 1, in which 
n is a number from zero to 50; 

B independently of one another is a natural nucleobase or 
an unnatural nucleobase; 

L is N; 

A is a group of the formula lib, in which 

r » 1 and s is zero, and » H and Y' » 0 and M is 

a single bond; 

D and G each independently represent CHR*; 

R' is hydrogen; 

X is -0-; 

y is =0; 

Z is hydroxyl, methoxy, ethoxy, (4-nitrophenyl)ethoxy, 
propoxy, isopropoxy, butoxy, pentoxy, phenoxy or 
allyloxy; 

Q and Q* independently of one another are hydrogen, R% 

or modified or unmodified oligonucleotides, wherein 
said modified oligonucleotides are selected from 

a) oligonucleotides wherein 3*- and/or 5 • -phosphoric 
acid diester bridges are con^letely or partially replaced by 
any of phosphor othioate, phosphorodithioate, NR*R*'- 
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phosphoramidate, phosphate 0-methyl ester, phosphate 0-ethyl 
ester, phosphate O-isopropyl ester, methylphosphonate and 
pheny Iphosphonate bridges ? 

b) oligonucleotides wherein one, two or three 3'- or 
5 • -phosphoric acid diester bridges in the pyrinddine 
positions and either at the 5' end, at the 3* end, or the 5* 
end and '3 end are replaced by any of fonnacetals and 3'- 
thiof ormacetals ; 

c) oligonucleotides wherein the sugar phosphate 
backbone is completely or partially replaced by any of 
"PNAs" and PHA-DNA hybrids; 

d) oligonucleotides wherein P-D-2 • -deoxyribose units 
are completely or partially replaced by any of 2*-P-2'- 
deoxyribose, 2 •-0-(C,-Cj)alkylribose, 2'-0-(C2-Cj)- 
alkenylribose and 2 ' -NHj -2 '-deoxyribose; and 

e) oligonucleotides wherein natural nucleoside bases 
are completely or partially replaced by any of 5-(Ci-Cj)- 
alkyluracil, 5-(C,-C«)-alkenyluracil, 5-(Cj-Cj)-alkyn- 
yluracil, 5-(Cx-Cs)-alkylcyto8ine, 5-(C,-Cj)-alkenylcytosine, 
5-(C,-Cs)-alkynylcytosine, 5-f luorouracil, 5-f luorocytosine, 
5-chlorouracil, S-chlorocytosine, 5-bromouracil, 5r-bromo- 
cytosine, 7-dea2a-7-(C,-C0-alkynylguanine, 7-dea2a-7- 
(Cj-C,)-alkynyladenine, 7-dea2a-7-(Cj-C0-alkenylguanine, 
7-dea2a-7- (C2-C7 ) -alkenyladenine, 7-dea2a-7-(Ci-C, ) - 
alkylguanine, 7-dea2a-7-(Cx-C,)-alkyladenine, 7-dea2a-7- 
bromoguanine, and 7-dea2a-7-broffloadenine. 

3. A compound of formula I as claimed in claim 2, in which 
n is a number from 0 to 30; 

Q and Q* independently of one another are hydrogen. 
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modified or unmodified oligonucleotides or R% in which 

is e, (Ci-Cg)-alJcyl, phenyl or 2-(4-nitrophenyl)- 
ethyl, wherein said modified oligonucleotides are 
selected from 

a) oligonucleotides wherein 3*- and/or 5 • -phosphoric 
acid diester bridges are con^letely or partially replaced by 
any of phosphorothioate, phosphorodithioate and methyl- 
phosphonate bridges; 

b) oligonucleotides wherein one^ two or three 3*- or 
5 • -phosphoric acid diester bridges are replaced at the 5*- 
and at the 3* -end; 

c) oligonucleotides wherein the sugar phosphate 
backbone is completely or partially replaced by -PNAs- and 
PNA-DNA hybrids; 

d) oligonucleotides wherein p-D-2 • -deoxyribose units 
are completely or partially replaced by any of 2'-P-2'- 
deoxyribose, 2 '-O-CCi-CJalkylribose, 2'-0- 

(C2-C, )alkenylribose and 2 *-NH2-2* -deoxyribose; and 

e) oligonucleotides wherein natural nucleoside bases 
are completely or partially replaced by any of 5-(Cj-Cs)- 
alkyluracil, S-tCj-CJ-alkenyluracil, S-CC^-CJ- 
alkynyluracil, 5-(Ci-Cs)-alkylcytosine, S-CCj-C^)- 
alkenylcytosine, 5-{C2-CJ-alkynylcytosine, 7-deaza-7- 
(Cj-C7)-alkynylguanine, T-deaza-T-CC^-C^j-alkynyladenine, 7- 
deaza-7- (Cj-C^ ) -alkenylguanine, 7-dea2a-7- (C^^C, ) -alkenyl- 
adenine, 7-dea2a-7-(Ci-C7)-alkylguanine, 7-dea2a-7-(Ci-C,)- 
alkyladenine^ 7-deaza-7-bromoguanine, and 7-dea2a-7- 
bromoadenine • 

4. A compound of formula I as claimed in claim 3, wherein 
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n is a number from 0 to 25; 

B independently of one another is a natural nucleobase; 

Z is hydroxyl^ ethoxy^ (4-nitrophenyl)ethoxy or phenoxy; 

Q and independently of one another are hydrogen^ 

modified or unmodified oligonucleotides, or R% in 
which is (Ci-CJ -alJcyl, phenyl or 2-(4-nitro- 
phenyl) ethyl, wherein said modified oligonucleotides 
are selected from: 

a) oligonucleotides wherein 3'- and/or 5 • -phosphoric 
acid diester bridges are completely or partially replaced by 
phosphorothioate bridges; 

c) oligonucleotides wherein the sugar phosphate 
backbone is completely or partially replaced by any of 
-PNAs- and PNA-DNA hybrids; 

d) oligonucleotides wherein p-D-2'-deoxyribose units 
are completely or partially replaced by any of 2 • -b-methyl-, 
2'-0-allyl- and 2'-0-butylribose; 

e) oligonucleotides wherein natural nucleoside bases 
are completely or partially replaced by any of 5- 
hexynylcytosine, 5-hexynyluracil, 7-dea2a-7-propynylguanine, 
7-deaza*7-propynyladenine, 7-deaza-7-methylguanine, 7-dea2a- 
7-methyladenine, 7-deaza*7*bromoguanine, and 7-dea2a-7- 
bromoadenine • 

5. A process for the preparation of a compound of 
formula I in claim 1, which comprises: 
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ai) reacting a compound of formula III 



in which 

D, G, L and X have the same meanings as in claim 1 and 
is a protective group, 
with a compound of formula IV 



in an organic solvent, at a temperature sufficient to form a 
compound of formula Va or Vb 




IIV) 



in which 

and have the s£une meanings as in claim 1, 




s 



s 
/ 



\ 



"5 



(Va) 




G 



X 



s 
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b|) , reacting a compound of the fommla Va or Vb with a 
compound of the formula Via or Vib 




in which 

Y has the same meaning as in claim 1, 

X' and X** independently of one another are defined as X 
in claim 1, 

and independently of one another are protective 
groups^ 

and 

is a leaving group, 

in an organic solvent, optionally with addition of a base, 
at a temperature sufficient to form a compound of formula 
VII 




in which 
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D, G, L, R\ R«, X, and Y have the same meaning as in 
claim 1; 

Ci) reacting a compound of formula VII with a compound 
of formula VIII 



.8 



PR 



(Villi 



in which 

A has the same meaning as claim 1, 

B*"*^ has the same meaning as B in claim 1, optionally 
present in protected form, and 

is a leaving group, or, if A is formula lib, is a 
leaving group or OH; 

in an organic solvent, optionally with addition of 
base, or without addition of base and optionally with 
addition of a coupling reagent for the coupling of peptide 
bonds , 
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at a temperature sufficient to form to give a compound of 
formula IX 




(IX) 



d,) removing the protective group from the compound 
of formula IX 

to form a compound of formula X 




iX) 



e/) removing the protective group from another 
compound of formula IX 
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. to form a compound of formula XI 



said steps d,) and e,) being carried out in any order 

f.) reacting the compound of formula XI with the 
compound of formula X in an organic solvent, with addition 
of a coupling reagent or a compound of formula XII 

II 



in which 

R" is (C6-C12)-aryl, optionally substituted one to four 

times by (C1-C6 )-alJcyl, (Cl-C6)-alkoxy, nitro, chlorine 
or bromine and where one to 3 carbon atoma are 
optionally substituted by heteroatoms, and 

R" is a leaving group, 

optionally with addition of a catalyst, 

and at a temperature sufficient to form a compound of 
formula XIII 




• 0 X s 

" (Xllll. 
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5 



10 



15 



20 



25 



30 



-9r) starting from the compound of formula XIII, 
repeating steps ej) and f^) as necessary, to form a compound 
of formula XIV 



wherein n =» 1 to 100, 

hi) in any order, removing the protective group and 
optionally introducing the group Q*; removing the protective 
group on B"; removing the protective groups and 
optionally introducing R*, R% and R^°; removing the 
protective group and optionally introducing the group Q, 

ii) optionally cyclizing, to form the compound of ^ 
f ozrmula I • 

6. A process for the preparation of a compound of formula 
I as claimed in claim 1, in which n is 1 to 100, which 
comprises, 

aj) removing the protective group from a compound 
of formula XV, 





o 
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10 



15 



. b^.) removing the protective group from a compound 
of formula XVI 



-X" 



s 

I. 



-J p' 



!XVI| 



wherein o and.p* independently of one another are zero to 50 
and o -»■ p- - n, X' and X- independently of one another are 
defined as X in claim 1, and independently of one 
another are protective groups, and B'» has the same meaning 
as B in claim 1 optionally present in protected form, said 
steps a^) and bj) being carried out in any order. 



20 



29 



30 



Cj) coupling the resulting compounds of formula XVI 
and XV with one another to form a compound of formula XIV 



•X' 



II t 
a* a* 



S' 



fXIV) 



dj) in any. order, removing. the protective group on 
B^", removing and optionally introducing the group Q»; 
removing the protective groups and optionally introducing 
Q", R*, R* and R"; removing the protective group and 
optionally introducing the group Q, 

ej) optionally cyclizing, to form a compound of 
formula I. 



35 
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• A process for the preparation of a compound of formula 
I as claiinecl in claia 1, which con^rises 

a,) coupling a compound of formula X 




(X) 



in which 

A, D, G, L, R*, RS X, and Y are as defined in claim 1; 
has the same meaning as B in claim 1, optionally present i 
protected form, S» and S\ independently of one another, ai 
protective groups; and, X* and X- independently of one 
another are defined as X in claim 1; 

to a solid support (SS) via a SPACER to form a compound of 
formula XVII, 




(XVII) 

in which 

SS is a solid support suitable for solid-phase 
synthesis, and 

SPACER is a group removable from the support after synthesis 
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. has taken place , or SPACER is a bifunctional conjugate 
molecule Q linked to the solid support via removable 
groups, 

by) removing the protective group from the compound 
of formula XVII 

C3) reacting the resulting compound with a compound of 
formula X 




IX) 



in an organic solvent, with addition of a coupling reagent 
in a compound of formula XII 



0 

II 

o 



. in which 

R" is (Cs-Ci2)-aryl, optionally substituted one to four 

times by (Cj-Cj)-allcyl, (C,-C,)-alkoxy, nitro, chlorine 
or bromine and where one to 3 carbon atoms are 
optionally substituted by heteroatoms, and 



. 1* 



(XII) 
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R -is a leaving group. 



optionally with addition of a catalyst, to form a 
compound of formula XIII' 




dj) starting from the compound {XIII •) resulting from 
said step c,), repeating steps b,) and Cj) is necessary to 
form a compound of formula XIV' ; 



-sPAcen. 



.11 I 



X* Y A"^ 

\// I 
— ^L^ ^0^ 



•S' 



e,) in any order, removing the protective groups on 
B'"; removing the protective group and optionally coupling 
conjugate Q'; removing the resulting compound of step d, 
from the solid support and optionally coupling conjugate Q; 
removing the protective groups and optionally introducing 
Q", R», R» and R", 

fj) optionally cyclizing, to form a compound of 
formula I of claim 1. 



8. A method to inhibit gene expression comprising the 
step of administering to a host a therapeutically active 
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composition comprising a compound of formula I of claim 1 
and a physiologically acceptable excipient. 

9» A method for diagnosing the presence of a nucleic 
acid molecule in a biological sample comprising adding a 
compound of formula I of claim 1 to said biological sample. 



10. The compound of claim 1, wherein is hydrogen or 
methyl . 

11. The compound of claim 1, wherein and R^ are 
both hydrogen. 

12. The compound of claim 1, wherein R® is hydrogen, 
(Ci-CJ-alkyl, (C,-Ci,)-aryl, or (C«-Ci2)-aryl-(Ci-C,)-alJcyl, 
wherein the aryl is optionally monosubstituted by 
(C^-CJ-alkoxy, (C^-CJ-alkyl, F, CI, Br, or NO^. 

13. The compound of claim 1, wherein R* is hydrogen, 
(Cx-CJ-alkyl, phenyl, or 2-(4-nitrophenyl)ethyl. 

14. The process of claim 5, wherein is a protective 
group selected from dimethoxytb is i ofchoiq |trityl , 
monomethoxytrityl, trityl, pixyl, tert-butoxycarbony 1 , or 

f luoreny Imethoxy-carbony 1 . 

15. The process of claim 5, wherein said temperature 
sufficient to form a compound of formula Va or Vb is 0*C to 
100*C. 

16. The process of claim 5, wherein said ten^erature 
sufficient to form a compound of formula VII is from 0*C to 
100*C. 
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.17- The process of claim 5, wherein said temperature 
sufficient to form a compound of formula IX is from -20*C to 
lOO'C. 

18. The process of claim 5, wherein said temperature 
sufficient to form a compound of formula XII is from -20 'C 
to lOO'C. 

19. The process of claim 5, wherein L' is a 
(C,-CJ-alkyl. 

20. The process of claim 5, wherein the coupling 
reagents can be prepared in situ. 

21. The process of claim 5, wherein the coupling 
reagent is prepared separately in a solvent and then added 
in said step (f,). 

22. A method for the treatment of viruses comprising 
the step of administering to a patient a composition 
comprising a compound of formula I of claim 1 with a 
physiologically acceptable excipient. 

23. A method of treating cancer .or restenosis 
comprising the step of administering to a patient an 
effective amount of a composition comprising a compound of 
formula I of claim 1 and a physiologically acceptable 
excipient. 

24. The method of claim 22, wherein said virus is HIV, 
HSV-1, HSV-2, influenza, VSV, hepatitis B, or papilloma 
virus , 

25. A method of treating medical conditions resulting 
from integrins or cell-cell adhesion receptors comprising 
administering to a patient an effective amount of a 
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composition comprising a compound of formula I of claim 1 
and a physiologically acceptable excipient. 

26. A method for the treatment of medical conditions 
induced by growth factors comprising the step of 
administering to a patient an effective amount of a 
composition comprising a compound of formula I of claim 1 
and a physiologically acceptable excipient. 

27. The method of claim 26, wherein said growth factor 
is THF-a. 



28. The process of claim 5, wherein said base is a 
complex base or an uncharged peralkylated 
polyaminophosphazene base. 

29. The compound of claim 1, wherein Q is an 
unmodified or modified oligonucleotide and Q' is hydrogen. 

30. The compound of claim 1, wherein Q is hydrogen and 
Q* is an unmodified or modified oligonucleotide. 

31. The compound of claim 1, wherein Q and Q', 
independently of one another, are an ummodified or modified 
oligonucleotide . 

32. A compound having one of the formulae: 

5'- Q"-OLIGO-{PMBHA-OLIGO)a-Q"; 
5»- Q»»-PMBNA-0LIG0-PMBHA-<1"; or 
5'- Q"-PMBHA-(OLIGO-PMENA)a-Q"; or 
5'- OLIGO-(PMBHA-OLIGO)a? 

wherein a is 1-20, OLIGO represents an unmodified or 
modified oligonucleotide, and PMBHA represents a compound of 
formula I * ; 
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in which 

B independently of one another is hydrogen, hydroxyl, 
{C.-Czo)-alkyl, (Ci-C„)-alkoxy, (Ci-C2o)-alkylthio, 
(C5-C„)-aryl, (Ce-C„)-aryl-(C,-C,)-«lkyl, (Cs-C2o)-aryl- 
(C.-Ce)-alkoxy, (C,-Cjo)-aryl-(C,-Cs)-alkylthio, an 
aromatic group or a heterocyclic group, wherein alkyl, 
aryl, aromatic or heterocyclic group is optionally 
substituted one or more times by hydroxyl, (Cj-C, )- 
alkoxy, -NR»R", -C(0)OH, oxo, -C(0)OR», -C(0)NR»R>'', 
-CN, -F, -CI, -Br, -NO,, (C,-C,)-alkoxyalkyl, -S(0).R», 
-(Ci-CJ-alkyl-S(0).R«, -NHC ( -NH ) NHR* , -C{-Ne)NeR«, 
-NR'C{»0)R*, -NOR», MR»C(-0)OR", -OC ( =-0 ) NR»R" or 
-NR'C(»0)NR'R", 

B independently of one another is a natural nucleobase, 
an unnatural nucleobase or a reporter ligand; 

A-B is a D- or L-amino acid condensed on via the carboxyl 
group or peptides consisting of amino acids having a 
length of up to 5 amino acid residues, 

L independently of one another is N or R*ir, and 

R* is hydrogen or (Ci-C«) -alkyl optionally substituted by 
hydroxyl, (Cj-Cj) -alkoxy, (C,-Cj)-alkylthio or amino: 
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A independently of onie another is a single bond, a 
methylene group or a group of formula Ila or lib; 



•M- 



(Ila) 



M 



/ 

C 



(lib) 



is -O, -S, -CH,, -C(CH,)j or -MR*, where R' is as defined 
above ; 



M is a single bond, -0-, -S- or -MR^-, where R» is as 
defined above; 



R' and R^ independently of one another are hydrogen, 

hydroxyl, (C»-CJ-allcoxy, (C^-CJ-alJcylthio, amino, 
halogen, or (C,-Cs)-alJcyl optionally substituted by 
hydroxyl, (Ci-Cg)-alkoxy or (Ci-CJ-alkylthio; 

p and q independently of one another are zero to 5; 

r and s independently of one another are zero to 5; 

D and G each independently represent CR»R« which can be the 
seune or different; 

R* and R* independently of one another are hydrogen, 

(C,-C,)-allcyl, (C«-C„)-aryl, (C,-C,o)-aryl-(Ci-C.)-alkyl, 
hydroxyl, {C,-C5)-alJcoxy, {Ci-C,)-alkylthio, wherein 
alkyl and aryl are optionally svibstituted by SR» or 
NR*R^', where R* is as defined above and R** 
independently of R* has the same meaning as R'; 

X is -0-, -S- or -NR»-, in which R^ is as defined above; 
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Y . i8 »0 or -S; 

Z is -OR', -NR'R" or X'Q", where X' is defined as x and 
Q" ia hydrogen, R», modified or unmodified 
oligonucleotides or conjugates which a) favorably 
affect the properties of antisense oligonucleotides, b) 
affect the properties of triple helix-forming 
oligonucleotides c) serve as a label of a DNA probe, or 
d) during the hybridization of the oligonucleotide 
analog to the target nucleic acid, attack the target 
nucleic acid with binding or crosslinking; 

R« is hydrogen, (C,-Ci,)-al)cyl, (C,-C„)-alkenyl, (C,-C„)- 
alJcynyl, (Cs-C„)-aryl, (C.-C„)-aryl-(C,-CJ-alkyl, 
wherein alkyl is optionally substituted one or more 
times by hydroxyl, (Ci-C,)-alkoxy, F, CI or Br and 
wherein aryl is optionally substituted 1-3 times by 
hydroxyl, (C,-CJ -alkoxy, (Ci-CJ -alkyl, P, CI, Br, NO^, 
-NR'R'», -C{0)Oe, -C(O)0-(Ci-C,) -alkyl or -C(0)NR'R»'; 

R* and R^" independently of one another are hydrogen, 
(Ci-Cij) -alkyl, (Ci-C„)-alkenyl, (C,-C„ )-alkynyl, 
(C6-C„)-aryl, ( Cj-C,,) -aryl- (Cj-CJ -alkyl, where alkyl is 
optionally substituted one or more times by hydroxyl, 
(Cx-C4)-alkoxy, F, CI or Br; or R» and R" form a 4 to 7- 
membered ring together with the N atom in -NR'R"; 

and wherein Q" and Q" either both represent hydrogen or 

together form a bond in a cyclic molecule; Q" and Q'* 
either both represent hydrogen or together form a bond 
in a cyclic molecule; and Q" and Q*^ form a single bond 
in a cyclic molecule. 

33. A process for the preparation of a compound of 
formula I in claim 1, which comprises: 
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aj reacting a compound of formula 



^O'^ s 



III 



10 



in which 

D, G, L and X have the same meanings aa in claim 1 and 
S is a protective group, 

with a compound of formula IV 



20 



25 



:0 

15 r' (IV) 



in which 

R* and R* have the same meanings as in claim 1, 

in an organic solvent, at a temperature sufficient to form a 
compound of formula Va or Vb 



30 R. 



y 

G 
\ 

X 
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bj) reacting a coixq)ound of the formula Va or Vb with a 
compound of the formula Via or VIb 




in which 

Y has the same meaning as in claim 1, 

X' and X" independently of one another are defined as X 
in claim 1, 

and independently of one another are protective 
groups, 

and 

is a leaving group, 

in an organic solvent, optionally with addition of a base, 
at a temperature sufficient to form a compound of formula 
VII 



Y 




in which 
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L, R', R*, and Y have the same meeusing as in 
claim 1; 

Ci) reacting a compound of formula VII with a compound 
of formula VIII 




(Villi 



in which 

A has the seme meaning as claim 1, 
B^*^ has the same meaning as B in claim 1, optionally 
present in protected form, and 

is a leaving group, or, if A is formula lib, is a 
leaving group or OH; 

in an organic solvent, optionally with addition of 
base, or without addition of base and optionally with 
addition of a coupling reagent for the coupling of peptide 
bonds. 
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at a temperature sufficient to form to give a compound of 
formula IX 




(IX) 



di) in any order, removing the protective group and 
optionally introducing group Q*; removing protective group 

and optionally introducing R\ R» and R^%- removing the 
protective groups on B'*^; removing the protective group S* 
from the compound of formula IX, and optionally introducing 
the group Q, 

ej optionally cyclizing, to form the compound of 
formula I* 

34* A process for the preparation of a compound of formula 
I as claimed in claim 1, which comprises 

a,) coupling a compound of formula X 




(X) 



in which 
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A, D, G, L, R% X, and Y are as defined in claim 1; B^*^ 
haa the same meaning as B in claim 1^ optionally present in 
protected form^ and S\ independently of one another, are 
protective groups; and, X' and X" independently of one 
another are defined as X in claim 1; 

to a solid support (SS) via a SPACER to form a compound of 
formula XVII, 



SS 




in which 

SS is a solid support suitable for solid-phase 
synthesis, and 

SPACER is a group removable from the support after synthesis 
has taken place, or SPACER is a bifunctional conjugate 
molecule Q linked to the solid support via removable 
groups, 

b]) in any order, removing the protective group on 
B^*^; removing the protective group S^ and optionally 
introducing the group Q* ; removing the protective group S* 
and optionally introducing Q", R*, R* and R"; removing the 
resulting confound of step a,) from the solid support and 
optionally introducing the group 

C3) optionally cyclizing, to form the con^und of 
formula I. 
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35. A pheuiinaceutical composition coniprising a 
compound of the formula I as claimed in any one of claims 1 
and 10 to 13 and a pharmaceutically acceptable excipient. 

36. Use of a compound of the formula I as claimed in 
any one of claims 1 and 10 to 13 to inhibit gene 
expression. 

37. Use of a compound of the formula I as claimed in 
any one of claims 1 and 10 to 13 to treat viruses. 

38. Use of a compound of the formula I as claimed in 
any one of claims 1 and 10 to 13 to treat HIV, HSV-1, HSV- 
2, influenza, VSV, hepatitis B, or papilloma virus. 

39. Use of a compound of the formula I as claimed in 
any one of claims 1 and 10 to 13 to treat ceincer or 
restenosis. 

40. Use of a compoxind of the formula I as claimed in 
any one of claims 1 and 10 to 13 to treat medical 
conditions resulting from integrins or cell-cell adhesion 
receptors . / 

41. Use of a compound of the formula I as claimed in 
any one of claims 1 and 10 to 13 to treat medical 
conditions induced by growth factors. 

42. Use of a compoiand of the formula I as claimed in 
any one of claims 1 and 10 to 13 to treat medical 
conditions induced by TNF-a. 

43. Use of a compound of the formula I as claimed in 
any one of claims 1 and 10 to 13 in the preparation of a 
pharmaceutical COTiposition for inhibiting gene e^^ression. 

44. Use of a compound of the formula I as claimed in 
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any one of claims 1 and 10 to 13 in the preparation of a 
pharmaceutical composition for treating viruses. 

45. Use of a connpouhd of the formula I as claimed in 
any one of claims 1 and 10 to 13 in the preparation of a 
pharmaceutical composition for treating HIV, HSV-1, HSV-2, 
influenza, VSV, hepatitis B, or papilloma virus. 

46. Use of a compound of the formula I as claimed in 
any one of claims 1 and 10 to 13 in the preparation of a 
pharmaceutical conposition for treating cancer or 
restenosis . 

47 . Use of a compound of the formula I as claimed in 
any one of claims 1 and 10 to 13 in the preparation of a 
pharmaceutical corrqposition for treating medical conditions 
resulting from integrins or cell-cell adhesion receptors. 

48. Use of a compound of the formula I as claimed in 
any one of claims 1 and 10 to 13 in the preparation of a 
pharmaceutical composition for treating medical conditions 
induced by growth factors. 

49. Use of a compound of the formula I as claimed in 
any one of claims 1 and 10 to 13 in the preparation of a 
pharmaceutical con5)Osition for treating medical conditions 
induced by TNF-a. 
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